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Becoming literate is a primary, yet very complex, educational goal to acquire. Before 
children can start with formal literacy instruction in first grade, they already need to be able 
to reflect upon the sound structures in spoken language, and to connect these sounds 
to the corresponding letters (Hatcher, Hulme, & Ellis, 1994; Oakhill & Cain, 2012). These 
preliteracy skills begin to develop in kindergarten, but there are large developmental 
differences between children (Bradley & Bryant, 1983; Castles & Coltheart, 2004; Wagner 
& Torgesen, 1987). Children who lag behind are at risk for developing literacy problems. 
Executive functions have shown to be an important precursor for a prospective early literacy 
development (e.g., Altemeier, Abbott, & Berninger, 2008; Ashkenazi, Black, Abrams, Hoeft, & 
Menon, 2013; Cartwright, 2012). These cognitive functions enable the regulation of learning 
behavior from early in life, and as such gate the acquisition of (pre)academic development 
(Diamond, 2013; Wass, Scerif, & Johnson, 2012). For example, executive functions facilitate 
complex information processing, and enable more engaged and efficient learning behavior. 
Although the vital role of executive functions for literacy is clear, insights generally come from 
studies with older children and from single executive measures to composite literacy scores. 
More refined insights are vital to find ways that can help children to activate their executive 
functions during early literacy learning, and enable them to lay stronger foundations for 
later literacy development. Such insights can be provided from longitudinal and online 
examinations of executive contributions to early literacy. Moreover, integrated activities to 
support executive functions during literacy learning can likely boost the effectiveness of early 
literacy interventions, but no research to date has investigated the impact of such activities. 
The present dissertation aimed to gain further insights into the causal processes that underlie 
executive benefits to early literacy learning. In longitudinal, online, and intervention designs, 
it was examined how executive functions contribute to early literacy development. This 
introductory chapter starts out with a brief overview of the development and stimulation of 
early literacy and executive functions. After this overview, the aims, research questions, and 
outline of the studies in the present dissertation are highlighted.
Early literacy
 
Early literacy development
Phonological awareness involves multiple skills that together enable the active and conscious 
learning of the structural features of a language (Castles & Coltheart, 2004; Torgesen, Wagner 
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& Rashotte, 1994). These skills develop gradually from around four years of age, and can be 
considered a unidimensional construct (Vloedgraven & Verhoeven, 2007). Children start with 
rhyme awareness: the awareness that words can sound similar but have different meanings. 
This is the first step in shifting away from only attending to the meaning of words to a sensitivity 
of its structural features. The next step is to become skilled in dividing words into syllables and 
in comparing words based on their onset and rime. These skills rapidly progress into the final 
stage, phonemic awareness, in which children are able to separate a word into its sounds and 
map these to their corresponding letters and graphemes (Bradley & Bryant, 1983; Ehri et al., 
2001; Goswami, 2000).
When children enter first grade, they generally have reached the stage of phonemic awareness 
and, on average, know about twelve graphemes. This provides them with the foundation 
to learn how to decode words, for which they now start to receive formal education. Word 
decoding involves the processes of recognizing graphemes in written words, match these 
with their corresponding phonemes, and blend these phonemes together to decode the 
spoken words that are written (Melby-Lervåg, Lyster, & Hulme, 2012; Verhoeven, Reitsma & 
Siegel, 2011). Due to the transparent grapheme-phoneme correspondences of the Dutch 
orthography, children in the Netherlands rapidly progress in the decoding skills with increased 
accuracy and speed. They generally reach an automatized recognition of simple consonant-
vowel-consonant words at around six years of age (Verhoeven & Van Leeuwe, 2009). Along 
the development of decoding, children learn new phonological structures because they 
encounter new phoneme combinations while decoding words (Share, 1999).
After children become skilled in decoding words, they can start to read sentences and text 
passages. This generally starts in second grade, and results in the emerging development of 
reading comprehension: the understanding of the meaning of the text at the lexical, semantic, 
syntactic, and pragmatic level (Perfetti, Landi, & Oakhill, 2005). Reading comprehension requires 
both bottom-up and top-down processes, to decode the words and simultaneously build a 
mental model about the meaning of the text and the accompanying visual representations 
(Perfetti, 2007). 
Early literacy interventions
The development of the literacy skills above is intertwined, but a basis in prior skills is required 
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before children can progress to the next step. A firm basis in phonological skills is fundamental 
to pick up on formal literacy education from first grade (Bradley & Bryant, 1983; Melby-Lervåg, 
Lyster, & Hulme, 2012). Unfortunately, a large proportion of children lacks this basis when 
they enter primary school. These children are at risk to lag behind from the beginning of 
formal reading instruction onwards, resulting in an increasing gap between poor and good 
readers over time (Stanovich, 1986). Interventions targeted at preliteracy skills in kindergarten 
can serve as an early catalyst for stronger development of these skills over time. However, 
curriculum-based interventions require a considerable investment of resources and teacher 
effort, and are difficult to adapt to individual preliteracy levels.  
 
There is thus a call for mediated interventions that require less time and resources and can 
be tailored to the individual level. In such an approach, peer-based and computer-based 
interventions might serve as safe, playful, and co-constructive learning environments to work 
independently and provide children with direct feedback and individualized scaffolding 
(Van Daal & Sandvik, 2013; King, Staffieri, & Adelgais, 1998). However, these learning contexts 
have a long way to go before they reach their full potential, as many issues remain to be 
solved.
Regarding peer-based interventions, these generally match high performing tutors with 
low performing tutees and let the tutors copy what the teachers demonstrated beforehand. 
Consequently, only half of the children benefit from the intervention. Moreover, to our 
knowledge, only one peer-based intervention study has been conducted in kindergarten 
and focused specifically on phonological awareness and letter knowledge (Fuchs & Fuchs, 
2005; and see the review by Roscoe & Chi, 2007). Another learning context to provide adaptive 
preliteracy interventions is computer-assisted learning (Lundberg, Frost, & Peterson, 1988; 
Reitsma & Wesseling, 1998; Segers & Verhoeven, 2005; Van Der Kooy-Hofland, Bus & Roskos, 
2012). However, reviews have shown that computerized literacy programs are not always 
successful, and those who are generally show moderate effect sizes at best (Bus & Van 
IJzendoorn, 1999; Blok, Oostdam, Otter, & Overmaat, 2002). 
These none to moderate effects sizes may be caused by the fact that mediated interventions 
can place high (over)loads on children’s executive functions. Individualized and peer-based 
interventions require children to work and stay engaged without much external control 
from the teacher, despite their young age. Furthermore, in such learning contexts they face 
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much complex and multimodal information that they need to process and monitor quickly. 
Especially children with lower levels of executive functions have shown to be less engaged in 
such interventions, resulting in less learning gains and lower literacy development over time 
(Kegel, Van der Kooij-Hofland, & Bus, 2009). 
Executive functions
Defining executive functions
Executive functions refer to a family of cognitive functions that control cognitive and 
behavioral processes, and regulate these when necessary. Metaphorically, they can be 
seen as a choir master, involved in the complex and dynamic orchestra of all processes that 
require cognitive effort (Van de Sande, Segers, & Verhoeven, 2014). Although the concept 
of executive functions have rapidly grown into an umbrella term for many automatic and 
conscious learning processes, there is general consensus that there are three core executive 
functions that underlie these processes (Diamond, 2013, Miyake, Friedman, Emerson, Witzki, & 
Howerter, 2000). Those core functions are inhibition, working memory, and cognitive flexibility. 
Inhibition enables the controlling of one’s impulsive thoughts and actions, and replacing 
these for more appropriate ones when necessary. Working memory involves the abilities 
to maintain visual and verbal representations in mind and manipulate these. Cognitive 
flexibility follows from the previous two functions, and refers to the mental changing of 
representations and flexible switching to new situations and demands. These three executive 
functions generally operate together to regulate learning behavior. Combined, for example, 
they help to overcome previous ideas and change to new perspectives and tasks, resulting 
in better problem-solving skills, creativity, and task-focused behavior (Diamond, 2013; 
Gathercole, Lamont, & Alloway, 2006).
 
These core executive functions allow two types of executive control: attentional (internal, 
cognitive) control and action (external, behavioral) control (Altemeier, Abbott & Berninger, 
2008; Cartwright, 2012). Attentional control comprises processes such as efficiently storing 
and integrating information, inhibiting irrelevant information retrieval, and flexibly shifting 
attention between different representations (Altemeier, Abbott & Berninger, 2008; Ramscar & 
Gitcho, 2007). Action control is required to overcome off-task fidgeting and to stay engaged 
in the instructions instead (Rimm-Kaufman, Curby, Grimm, Nathanson, & Brock, 2009). It 
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is the type of executive control that one can see children do in class. Children with higher 
levels of action control generally work more self-directed and independent, and show more 
perseverance when tasks get difficult or last for long time spans (Ponitz, McClelland, Matthews, 
& Morrison, 2009; Diamond & Lee, 2011; McClelland et al., 2007). 
Executive functions for early literacy development
Together, attentional and action control can benefit to early literacy development in processing 
the complex information and in supporting task-focused behavior during literacy instruction. 
Attentional control contributes to phonological awareness in manipulating the spoken 
representations in mind and by suppressing attention to irrelevant phonological codes (Foy 
& Mann, 2013). For decoding, these attentional processes are required as well, together with 
the flexible switching between the written and spoken representations and retrieval of 
meanings from the lexicon (Arrington, Kulesz, Francis, Fletcher, & Barnes, 2014). And for reading 
comprehension, attentional control modulates attention to the essence of the story 
from a complicated information set. It also helps to flexibly link multiple representations 
and to monitor these representations through, for example, inference-making (Dufva, Niemi, 
& Voeten, 2001; Perfetti, Landi & Oakhill, 2005). In short, attentional control contributes to 
all stages of early literacy development.
The primary contributions of action control are in regulating behavior during educational 
instructions. It helps to inhibit inappropriate behavior that can distract from the literacy 
instructions, and replace it by efficient and sustained behavior instead (Diamond & Lee, 2011; 
McClelland et al., 2007). Children with higher levels of action control are more engaged and 
hence benefit more from literacy instructions, which also results in stronger progress over the 
years (Kegel et al., 2009; McClelland, Acock, & Morrison, 2006).
 
Despite the vital role of both levels of executive functions to literacy, they follow a relatively 
protracted and late maturation compared to other cognitive functions (Davidson, Amso, 
Anderson, & Diamond, 2006; Wass, 2015). Between four and six years of age, a developmental 
spurt in executive functions occurs. This developmental spurt underlies a learning transition 
to more monitored, self-controlled, and abstract learning (Munakata, Snyder, & Chatham, 
2012; Ramscar & Gitcho, 2007). Such learning involves exactly the processes that are needed 
to acquire phonological awareness, for example, to detect similarities between word 
representations, to manipulate phonemic constructions, and to flexibly integrate visual and 
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auditory information (Cartwright, 2012; Liew, 2012). This learning transition could therefore 
likely increase the susceptibility of the influence of executive functions during the acquisition 
of phonological awareness, which in turn could function as a hallmark for later literacy 
development.
But such early direct and indirect contributions from the emergence of preliteracy skills to 
long-term literacy development have hardly been investigated. Moreover, attentional and 
action control might contribute differently to early academic skills, according to the complexity, 
demands, and stage of development of these skills (Arrington et al., 2014; Dally, 2006). Many 
questions about the role of executive functions in kindergarten to literacy development thus 
remain open. These questions can only be answered through longitudinal designs that include 
multiple types of executive control and multiple literacy skills simultaneously.
Executive functions for early literacy interventions
Given the vital role of executive functions to early literacy development, embedding activities 
that support and activate executive functions into literacy interventions could provide a 
fruitful approach to strengthen the effects. Such activities can enhance children’s information 
processing and task engagement, which leads to more active and effective learning. Overall, 
two types of executive function-supporting activities can be distinguished: automatic and 
proactive (i.e., more consciously and self-controlled) activation (see Munakata et al., 2012). 
With regard to the automatic activation of executive functions, the empirically tested Passive 
Dissipation Model provides relevant insights (Simpson et al., 2012). This model involves the 
underlying processes of inhibitory control, the executive function that is most prominently 
developing in children around the kindergarten age (Diamond, 2006). When children are 
triggered by stimuli, two types of responses are in race with each other: the rapid and transient 
impulsive response and the more slowly and effortfully computed answer. The load on 
the impulsive response can be faded quickly and automatically by taking a short delay. 
The more inhibited and effortful response then becomes activated. A study by Diamond, 
Kirkham, and Amso (2002) compared young children’s performance in six conditions to 
reduce inhibitory load in an executive task. The performance was most optimal when children 
were provided with short delays between stimulus and response that interfered in the 
activation of their first automatic reaction. These results were replicated in many other studies 
as well (e.g., Gerstadt et al., 1994; Montgomery & Koeltzow, 2010).
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To reinforce children’s proactive control over their learning, it has been shown that activities 
like scaffolding, thinking out loud, role-play, and planning can be fruitful. With such activities, 
children can chunk the complex information into pieces, structure their minds, and reflect 
upon their performance afterwards. Moreover, children are forced to take time to think and 
explain before they act. This helps to activate their inhibitory control. Moreover, it has been 
claimed that using speech may function as a mediator to problem-solve before structured 
reasoning is developed strongly enough to occur automatically (Harris, 1990; Vygotsky, 
1978). The effectiveness of these features has been shown in a preschool curriculum-based 
intervention with an emphasis on language and executive functions (Barnett et al., 2009; 
Diamond, Barnett, Thomas, & Munro, 2007). Furthermore, the power of other- and self-
speech for superior task-performance has also been shown in a small executive control task, in 
which 5- and 6-year olds that showed more verbal responsiveness also showed higher scores 
(Fernyhough & Fradley, 2005).
Unfortunately - although accumulating literature stresses the importance of integral activities 
to support executive functions in early scholastic activities - no study to date has tested how to 
provide embedded activities in naturalistic educational interventions (e.g., Alloway & Alloway, 
2010; Diamond & Lee, 2011; Holmes, Gathercole, & Dunning, 2009). Such insights are essential 
to boost the effectiveness of mediated literacy interventions. Peer-based and computer-
based learning contexts can be fruitful because of their adaptivity and direct feedback, but 
also place high loads on children’s internal control due to the lack of external teacher-control. 
Helping children to engage their executive functions in such learning contexts can therefore 
be very effective to strengthen their literacy foundations. 
The present dissertation
To reiterate, executive functions have shown crucial for literacy, but research has only 
just begun to unravel the role of executive functions to learning and literacy development in 
young children. Examination of ongoing direct task-contributions and longitudinal designs 
can refine the current insights. Moreover, intervention studies can shed a greater light on 
the underlying causal role of executive functions to preliteracy development. But studies that 
have examined these topics are severely lacking. The present dissertation therefore examined 
the role of executive functions for early literacy development. Moreover, it investigated ways to 
activate executive functions during mediated preliteracy interventions that can be implemented 
without too much teacher effort, resources, and time. The first aim was to further refine the 
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longitudinal and unique role of different types of executive functions (i.e., attentional and action 
control) to early literacy development. For the second aim, these executive contributions were 
further examined for direct online learning in kindergarten. With those insights in mind, the 
third aim was to design and examine activities that provided automatic and proactive support 
of executive functions within mediated and co-constructive interventions (both computer-
based and peer-based). In short, the present dissertation addressed three research questions: 
1. How do executive functions contribute to early literacy development?
 
2. How do executive functions contribute to online learning behavior?
 
3. What are the effects of embedded executive function-supporting activities in preliteracy 
    interventions?
 
These questions are addressed in the next five chapters, that each represent an empirical 
article that has been accepted or submitted for publication. In Chapter 2 (How phonological 
awareness mediates the relation between children’s executive functions and word decoding), 
preliteracy that developed closely after the developmental spurt in executive functions was 
examined as a mediator for the yet established contributions of executive functions to formal 
decoding skills. Chapter 3 (How attentional and action control predict early literacy 
development) represents a follow-up study in which the unique and simultaneous role of 
different levels of executive functions were further refined to the full developmental trajectory 
of early literacy from phonological awareness to decoding and reading comprehension, while 
controlling for the development of executive functions over time. In chapter 4 (The role of 
executive functions in young children’s computer learning), the insights into the contributions 
of different types of executive functions to early literacy learning are complemented with 
research about the ongoing contributions to learning behavior during a computerized task 
in kindergarten. These insights were used to design and test a computer-based literacy 
intervention with embedded executive function support in chapter 5 (Supporting executive 
functions during children’s preliteracy learning with the computer). In chapter 6 (The role of 
executive functions in dyadic literacy learning in kindergarten), the benefits of automatic 
support were extended to more conscious and pro-active activation of executive functions 
in a mediated dyadic literacy learning context. Chapter 7 provides a summary of the key 
findings of the empirical studies, followed by the overall theoretical and practical implications. 
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How phonological awareness mediates 
the relation between children’s 
executive control and word decoding
This chapter is based on: Van de Sande, E., Segers, E., & Verhoeven, L. (2013). 
How phonological awareness mediates the relation between children’s self-control and word decoding. 
Learning and Individual Differences, 112 - 118.
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AbstrACt
Around the age of five, worldwide, most children show phonological awareness and word 
decoding abilities which are needed to become literate. Ample evidence has shown that 
subjective measures of executive control in kindergarten strongly contribute to the emergence 
of reading. In the present study, we examined this relation more thoroughly, by considering 
contributions of objective self-measures of both attentional and action control to the 
developmental trajectory from phonological awareness to subsequent decoding. Ninety-six 
children were assessed on their attentional and action control and phonological awareness 
in kindergarten. One year later, in grade 1, their decoding abilities were assessed. Using the 
bootstrapping process procedure, we found both executive control and phonological 
awareness in kindergarten to be related to decoding in first grade. The process analyses 
revealed that phonological awareness interfered with the relation between executive control 
and decoding. For attentional control, full mediation was evidenced; for behavioral control, 
an indirect effect was found. It is concluded that executive control allows the development of 
reading abilities that predate formal reading instruction via the advancements in phonological 
awareness.
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Introduction
 
Young children, between three to six years of age, experience a developmental spurt in 
executive control (Ramscar & Gitcho, 2007). Children’s executive control refers to the active 
and conscious modulation of attentional (i.e., cognitive) and behavioral processes (e.g., 
Blair & Diamond, 2008; Cartwright, 2012). This developmental spurt is intertwined with a shift 
from domain-general information processing on the basis of mostly imitation to more self-
controlled, integrated learning (e.g., Ramscar & Gitcho, 2007; Zelazo & Frye, 1997). In this 
same period, phonological awareness starts to develop, which involves the understanding 
and manipulation of the structural features of spoken language (Bus & Van IJzendoorn, 
1999; Castles & Coltheart, 2004; Torgesen, Wagner, & Rashotte, 1994). The emergence 
of phonological awareness might be allowed by the spurt in executive control, as both 
attentional and action control are important to become aware of and manipulate phonemes. 
Attentional control, for example, monitors cognitive representations of what is heard, and 
action control modulates learning behavior and hence contributes to efficient instruction of 
phonological awareness (Altemeier, Abbott, & Berninger, 2008). As phonological awareness 
predates the ability to decode words, the yet established relation between kindergarten 
attentional and action control to decoding (e.g., Diamond, Barnett, Thomas, & Munro, 2007; 
McClelland, Cameron, Connor, et al., 2007) could be gradual: Phonological awareness would 
then function as a mediator to later development of decoding. The goal of the present study 
was to investigate whether there is in fact a mediation effect of phonological awareness in the 
contributions of attentional and action control to later decoding.
The developmental spurt in executive control coincides with profound maturational changes 
in the frontal lobes of the brain, which enable more monitored and self-controlled learning 
than previously possible (Diamond, 2002; Ramscar & Gitcho, 2007). Prior to this spurt, children 
generally learn through maximization matching which entails imitation and overgeneralization 
of single prominent information. When the spurt in executive control occurs, information 
processing becomes more complex and entails the relational construction of multiple 
representations. From then onwards, children can selectively modulate their attention on 
goal-relevant information, are able to integrate different sources of information, and can 
monitor conflicting information (Ramscar & Gitcho, 2007). These abilities are necessary 
for phonological awareness and decoding, such as in detecting similarities between word 
representations, monitoring unexpected written representations, and integrating visual and 
auditory information (Altemeier et al., 2008).
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Two main types of executive control are distinguished in the literature: attentional and action 
control (e.g., Altemeier et al., 2008). Attentional control comprises processes such as information 
updating and selective attention while processing conflicting information (Altemeier et al., 
2008; Diamond et al., 2007; Simpson et al., 2012). For phonological awareness and decoding 
abilities, attentional control is associated with suppressing attention to irrelevant phonological 
information, quickly recalling familiar phonological information, and flexibly shifting  attention 
between representations (e.g., Altemeier et al., 2008; Diamond, 2002). Furthermore, for the 
emergence of phonological awareness to occur, children must be able to switch their attention 
from the meaning of a word to its structural features (Walcott, Scheemaker, & Bielski, 2010). 
Indeed, attentional control has been shown to account for variation in children’s phonemic 
awareness in kindergarten (Blair & Razza, 2007).
Action control, in contrast, is particularly beneficial for reading instruction, as it is associated with 
inhibiting inappropriate behavior, staying focused, and reasoning and working independently 
(e.g., McClelland, Cameron, Wanless, & Murray, 2007). Children with better action control can 
benefit more from reading instructions as they are better able to attend to instructions and work 
on literacy tasks (Diamond, 2013; Diamond & Lee, 2011). Kegel, Van der Kooy-Hofland, and Bus 
(2009) showed that kindergartners with higher levels of action control had better task-focused 
behavior and problem-solving skills, and required less time to complete computer-based 
phonological awareness tasks. This also resulted in higher learning gains for these children. 
The above findings suggest that executive control has an important role in the development 
of prereading skills and can hence explain at least part of the relation between children’s 
executive control and later reading abilities. However, longitudinal insights into the explicit 
role of executive control in the developmental reading trajectory from phonological awareness 
to decoding are limited (Walcott et al., 2010). Regarding attentional control, Walcott et al. 
(2010) showed preschool attention to predict phonological awareness and letter knowledge 
one year later in kindergarten. Dally (2006) showed similar results when relating phonological 
awareness and a hybrid measure of kindergarten inattentive behavior to reading outcomes 
throughout second grade. Effects of action control on the developmental reading trajectory 
from phonological awareness to decoding have also been shown. McClelland, Cameron, 
Connor, et al. (2007) showed that preschool children with more growth in action control have 
higher learning gains for letter knowledge and decoding later that year. Lepola, Poskiparta, 
Laakkonen, and Niemi (2005) also found that higher action control leads to phonological 
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awareness one year later. They established these results in both preschool and kindergarten, 
and further found that this relation predicted word recognition in first grade.
In the relevant research so far, phonological awareness has mostly been included as a composite 
variable with decoding to assess reading abilities (e.g., Diamond et al., 2007). More recent 
evidence from Dice and Schwanenflugel (2012), however, has suggested a mediating role for 
phonological awareness in the relation between preschool attentional control and reading 
one year later. Indirect effects of action control on word reading skills have also been suggested 
by Lepola et al. (2005), who found both direct and indirect relations between action control 
and word recognition, with the indirect relation occurring via phonological awareness. These 
results are in line with our expectation that the relation of executive control with decoding 
is mediated via phonological awareness.
Complete measures of executive control were not used in these studies, however. Very little work 
has examined the relations between multiple types of executive control to early reading, while 
it is possible that different types of executive control contribute differently to phonological 
awareness and decoding. Action control, for example, is mostly demanded to facilitate formal 
reading instruction in class, and this type of executive control might thus be less needed in 
the context of informal reading instruction at kindergarten as in the context of formal primary 
school. Indeed, Blair and Razza (2007) found preschool attentional control to be related to 
phonemic awareness one year later in kindergarten, while preschool action control was not. 
Moreover, most of the studies in this area assessed either attentional or action control via teacher 
ratings, but these are known to be subjective (see Diamond et al., 2007; McClelland, Cameron, 
Connor, et al., 2007). For more objective assessments of attentional and action control, direct 
measures are called for (see also Diamond et al., 2007).
In the present study, we aimed at a deeper elaboration of the relation between executive 
control and early reading development (i.e., phonological awareness and subsequent decoding 
of words), by using objective measures of executive control, considering both attentional and 
action control, and including mediation effects. We longitudinally followed 96 children 
between kindergarten and first grade in the Netherlands. Our research question was: 
To what extent does kindergarten phonological awareness mediate the relations of action 
and attentional control to first grade decoding? 
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As attentional control has shown to be directly related to the processing of both phonological and 
written information, we expected a direct relation of attentional control to decoding. Regarding 
mediation, we hypothesized that attentional control would be related to concurrent 
phonological awareness and that together they would provide a proficient basis for learning 
to decode in formal education. For action control, we also expected a predictive role for 
decoding. However, the children did not receive formal decoding instruction yet at the time 
action control was measured and thus had hardly exercised action control in the context of 
decoding. Therefore, we expected that the direct relation between action control and decoding 
would not be strong enough to account for a direct effect over a year. Thus, an indirect effect 
of action control to decoding via its prerequisite phonological awareness was expected.
Method
Participants
Twelve schools were approached to participate, of which eight agreed (24 classes in total). 
The present study was part of a larger study in which the influence of teacher style was under 
examination, for which we randomly selected two boys and two girls per teacher whenever 
possible. All parents gave consent for their child to participate. 
A total of 109 children participated in the present study: 59 boys and 50 girls. At the time 
of initial measurement, all children were around six years of age and thus in kindergarten. 
Thirteen children dropped out due to a move or retainment. For the remaining 96 children, 
the mean age upon initial measurement was 6.02, ranging from 5.05 to 7.04 years (SD = 0.04). 
Of these children, 51 were boys and 45 were girls. All participants were native Dutch and 
came from middle to upper-middle class families.
Measures
Executive control
Executive control was assessed using two objective tasks: Flanker Fish and Hearts & Flowers. 
Even though both tasks call upon the same underlying executive functions of inhibition, working 
memory and cognitive flexibility, previous studies have suggested that these tasks demand 
different higher-order aspects of executive control. In the Flanker Fish task, children have 
to focus on certain features of the stimuli while ignoring others, which demands attentional 
control (Diamond et al., 2007; Rueda, Posner, & Rothbart, 2005). In the Hearts & Flowers 
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task, children have to press a button located opposite to stimuli and thus have to control 
a prepotent action (i.e., motor) response (Davidson, Amso, Anderson, & Diamond, 2006; Shing, 
Lindenberger, Diamond, Li, & Davidson, 2010). 
Both tasks were administered with a computer. For every trial, a stimulus appeared on the 
right or left side of the screen and the children had to press one of two marked buttons on the 
keyboard in keeping with the rules of the game. Each task had three blocks with different rules 
reflecting different experimental conditions: a congruent condition, an incongruent condition 
and a mixed condition. Each condition in the Flanker Fish task was initiated with instructions 
and a practice block of four to six items. Only the congruent and incongruent conditions in 
the Hearts & Flowers task were preceded by instructions and practice trials.
All items had a restricted stimulus presentation time (2000 ms for the Flanker Fish task and 
1500 ms for the Hearts & Flowers task). Items that were responded to in less than 200 ms were 
removed (18.92% for the Flanker Fish task; 2.77% for the Hearts & Flowers task), because these 
were too likely to be inhibitory failures or failures to release the button pushed for the previous 
item (see Davidson et al., 2006). For the remaining data, every correct response within the 
allocated time was assigned a score of one.
Flanker Fish. For this task, the children had to feed hungry fish by pressing the button 
corresponding to the direction in which the hungry fish are swimming. The children were 
presented with five fish that could appear in one of three possible combinations: The 
middle fish swimming in the opposite direction of the flanker fish; the middle fish swimming 
in the same direction as the flankers; or only the stimuli fish appeared (only the middle or 
flanker fish, according to the condition). For the congruent block, the hungry fish was in the 
middle and children should ignore the flankers. All of the fish in this block are blue. For the 
incongruent block, the hungry fish were in the flankers and the children had to ignore the 
middle fish. All of the fish in this block were pink. For the mixed block, blue and pink fish 
alternated and the children had to act according to the rules that applied for the previous 
blocks. There were 16 items in the first and second blocks and 44 items in the third block 
(Cronbach’s α = .89).
Hearts & Flowers. In the Hearts & Flowers task, a heart or a flower was presented on either the 
left or right side of the screen. In the congruent block, hearts were shown and children had to 
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press the button on the same side as the heart. In the incongruent block, flowers were shown 
and children had to press the button which was on the opposite side as the flower. In the 
mixed block, the children were presented a mixture of hearts and flowers and had to respond 
according to the rules in the previous blocks. There were 12 items in the first and second blocks, 
and 32 items in the third block (Cronbach’s α = .82).
Analyses of aggregated executive control measures. Given that both tasks call upon inhibition, 
working memory, and cognitive flexibility (Diamond et al., 2007), a Principal Component 
Analysis with Varimax Rotation was conducted to ensure that the two tasks indeed 
measured the higher-order executive control aspects of attentional and action control. For 
the Hearts & Flowers task, block one showed ceiling effects (M = 12.87, SD = 1.64) and 
was therefore omitted from analyses. From the five remaining blocks of both tasks, two distinct 
factors were revealed: one for each task. Factor 1 (attentional control) showed moderate to high 
loadings (.68 - .84) on the three blocks from the Flanker Fish task and explained 37.52% of the 
total variance in the children’s response on this task. Factor 2 (action control) showed high 
loadings (.74 - .85) on the blocks from the Hearts & Flowers task and explained 27.63% of the 
total variance. Unless indicated otherwise, the factor scores were analyzed.
Phonological awareness
The Screeningsinstrument Beginnende Geletterdheid [Screening Instrument for Emerging 
Literacy] (Vloedgraven, Keuning, & Verhoeven, 2009) was administered to measure phonological 
awareness. Four different aspects of phonological awareness were assessed in the order of 
increasing difficulty: rhyming, segmentation, blending, and deletion.Together, these tasks 
measure different aspects of phonological awareness (Vloedgraven & Verhoeven, 2007). The 
tasks were administered via the computer. The children were presented three or four pictures 
accompanied by the spoken word. A question was then asked auditorily, and the children had 
to select the picture corresponding to the answer from the set of pictures using the mouse. 
Each task consisted of 15 high-frequency monosyllabic words. In Rhyme, the children had to 
select the response alternative which rhymed with the auditorily presented word. In Blending, 
the target word was presented auditorily in its individual phonemes and the children had to 
indicate the corresponding alternative on the screen. In Segmentation, the children had to 
select that response alternative which began with the same phoneme as the one in the target 
word. In Deletion, the children had to select the alternative which was the remaining word 
after the deletion of a given phoneme in the target word. Every correct item in these tasks 
were assigned a score of one (Cronbach’s α = .80).
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Analysis of aggregated phonological awareness measures. A Principal Component Analysis 
on the four subtasks showed a single underlying factor (phonological awareness) which 
explained 44.29% of the total variance. The component loadings ranged from .46 (deletion) 
to .85 (segmentation). These factors were analyzed unless indicated otherwise.
Decoding
We administered the Three-Minutes-Reading-Test (Verhoeven, 1995) in early spring of first 
grade, when children in the Netherlands generally have learned all graphemes and typically 
have mastered the ability to decode. This test consists of three cards with 150 high-frequency 
content words presented in columns of 30 words to be read out aloud. Only the first and 
second cards were used, as the third card was composed of polysyllabic words which are 
likely too difficult in kindergarten. For each card, the children had to read as many words 
as possible within one minute with the total number of words read correctly being scored. 
The sum of the scores for the two cards were analyzed (Cronbach’s α = .96; Krom, Jongen, 
Verhelst, Kamphuis, & Kleintjes, 2010).
Procedure
The children were tested on two occasions: in kindergarten and in first grade. The sessions 
were conducted in spring, and time of testing in both years was kept similar as much as 
possible. Each child was tested individually in a quiet room at his or her school. In kindergarten, 
the children’s executive control and phonological awareness were assessed in two sessions of 
about 15 minutes. To make the children feel comfortable about their participation, we started 
with a session of the Flanker Fish task followed by the Hearts & Flowers task because these tasks 
were easier and more fun to do. In the second session, the children’s phonological awareness 
was assessed. For each of the phonological awareness tasks, instructions were provided by 
the experimenter, followed by practice trials. The children then worked independently, without 
interaction with the experimenter. In first grade, decoding was assessed. The test sessions 
took five minutes, in which all children started with the first card followed by the second. 
In between these measurement occasions, the children continued their normal curriculum. 
Dutch kindergarten reading instruction is usually focused on storybook reading and incidental 
phonological awareness practice. In first grade, the children formally learn to read and spell 
words through a phonics-oriented method, as Dutch is a rather transparent language 
(Vloedgraven & Verhoeven, 2009).
38 39
Chapter 2
Data analyses
The mediation by phonological awareness in the relation between attentional and action 
control on the one hand, and decoding on the other hand, was analyzed using the Bootstrapping 
Process Procedure (Preacher & Hayes, 2004). This procedure has two main advantages over 
more conservative procedures such as those of Baron and Kenny (1986), and Sobel (1982). 
First, the procedure enables the formal testing of the indirect effect by calculating the product 
of the paths from independent variable to mediator, and mediator to dependent variable (a 
times b), while other procedures use multiple regressions on the direct variables (a and b) 
to only indirectly infer the existence of mediation. The explicit testing of the indirect effect 
minimizes the number of hypotheses tests, resulting in a more powerful procedure with better 
Type I-error control (Hayes, 2009). Moreover, recent statistical insights recommend that the 
strength and significance of the mediation effect should be quantified in itself: Given that an 
effect always is the combination of direct and indirect effects, an indirect effect can also be 
exerted even if the total effect (i.e., no control for the mediator) is absent (Hayes, 2013; Rucker, 
Preacher, Tormala, & Petty, 2011).
 
Second, the use of bootstrapping makes the procedure more immune to violations of n 
on-normality that indirect effects tend to show (see Hayes, 2009, 2013). With bootstrapping, 
an indirect effect is repeatedly calculated over the same empirical dataset. For every calculation, 
there is a resampling of the sample to simulate a representation of the population. All 
estimations together create a sampling distribution over the indirect effect, giving more 
stable estimates as compared to a single analysis (Hayes, 2009; Preacher & Hayes, 2004). 
We used a resampling strategy of 5000 bootstraps, as advised by Preacher and Hayes (2008: 
p. 889). Statistical significance (p < .05) is indicated if the range from the upper to lower 
bounds of the bias-corrected 95% confidence-intervals does not cross zero. Analyses of 
control variables (ANOVAs) evidenced no significant effects for school (p > .10), classroom 
(p > .37), or gender (p > .06). For age, there was a relation with action control (r = −.22, 
p = .04), and age was therefore included in the model of action control. In both models, 
sum scores were analyzed for decoding and factor scores were analyzed for phonological 
awareness, attentional control and action control.
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Results
The descriptive statistics for the sum scores of attentional and action control, phonological 
awareness, and decoding are shown in Table 1 on the next page.
We next correlated the factor scores for attentional and action control, the factor scores for 
phonological awareness and the sumscores for decoding abilities with each other. As can 
be seen in Table 2, the correlations of both attentional and action control with  phonological 
awareness were significant. The correlation between attentional control and decoding was 
also significant, but no correlation between action control and decoding could be established.
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     M SD Min Max
Attentional control
 Block 1
 Block 2
 Block 3
Phonological awareness
 Rhyming
 Phoneme blending
 Phoneme segmentation
 Phoneme deletion
Action control
 Block 2
 Block 3
Decoding
 CVC words
 Words with consonant clusters
51.30
12.73
10.72
27.84
41.43
12.95
12.00
10.42
6.06
35.70
10.24
25.45
49.38
29.51
19.50
11.31
3.14
3.76
7.06
6.69
1.79
2.83
2.90
2.45
5.75
2.10
4.65
27.84
15.01
13.99
24
5
1
13
23
7
4
3
0
15
0
12
12
6
0
68
16
16
39
57
15
15
14
15
44
13
32
145
74
76
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Table 1. Descriptives for overall variables and subtasks in kindergarten (attentional and 
action control, phonological awareness) and first grade (decoding).
40 41
     1 2 3 4
1. Attentional control
2. Action control  
3. Phonological awareness 
4. Decoding
1
- 
.26*
.25*
1
.25*
.06
1
.56** 1
Notes. *p < .05, **p < .001. Due to the orthogonality of the factor scores, the correlation between attentional  
and action control cannot be calculated.
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Table 2. Correlations between attentional control, action control, phonological awareness, 
and decoding.
The Bootstrapping Process Procedure (Preacher & Hayes, 2004) was used to analyze the mediation 
of the relation of attentional and action control with decoding by phonological awareness. 
As attentional and action control revealed different correlational results for the outcome 
variable of decoding, we analyzed them separately and thus created one mediation model 
for each type of executive control.
Attentional control
Regarding attentional control, a full mediation model was found. While the total effect on 
decoding (i.e., no control for the mediator) was significant, this effect disappeared when 
phonological awareness was added to the model as a mediator (see Table 3 and Figure 1). 
Phonological awareness completely mediated the relation between attentional control and 
decoding, as indicated by the bias-corrected and bias-accelerated 95% confidence interval 
from [0.04 to 0.28].
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       B SE(B)
1. c path (single relation, no PA included)
2. a path (AC to PA)  
3. b path (PA to WD) 
4. ab path (indirect relation of AttC via PA to WD)
5. c’ path (direct relation of AttC to WD)
.25*
.25*
.56**
.14*
.11
.10
.10
.09
.06
.09
Note. *p < .05, **p < .001.
phonological  
awareness
attentional  
control
word  
decoding
a = .25*
c’ = .11
b = .56**
Note. *p < .05, **p < .001.
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Table 3. Mediation effects in the relation between attentional control (AttC) and word 
decoding (WD) by phonological awareness (PA).
Figure 1. Mediation between attentional control and decoding by phonological awareness.
42 43
       B SE(B)
1. c path (single relation, no PA included)
2. a path (BC to PA)  
3. b path (PA to WD) 
4. ab path (indirect relation of ActC via PA to WD)
5. c’ path (direct relation of ActC to WD)
 .06
 .25*
 .62**
 .16*
-.10
.11
.11
.09
.09
.09
Note. *p < .05, ** p < .001.
phonological  
awareness
attentional  
control
word  
decoding
a = .25*
c’ = -.10
b = .62**
Note. *p < .05, **p < .001.
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Action control
Table 2 shows that there is no significant correlation between action control and decoding. 
Application of the bootstrapping process procedure of Preacher and Hayes (2004, 2008), however, 
allows us to still test for mediation of phonological awareness (i.e., a possible interaction). Indeed, 
the model shows a causal relation between action control and decoding when phonological 
awareness is included as a mediator (95% BCa bootstrap CI of [0.03 to 0.33]).Table 4 and 
Figure 2 depict this relation. No effects were found for age (p = .82).
Table 4. Mediation effects in the relation between action control (ActC) and word decoding 
(WD) by phonological awareness (PA).
Figure 2. Mediation between action control and decoding by phonological awareness.
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Discussion
In this study, we examined how the relation between children's executive control and decoding is 
influenced by their phonological awareness prior to the development of their formal decoding 
abilities. Influences of two types of executive control were examined: attentional and action 
control.
For attentional control, there was evidence of full mediation by phonological awareness for 
the relation of executive control to later decoding. There was also a significant initial relation 
of attentional control to decoding, but inclusion of phonological awareness in the prediction 
model showed that all of the predictive value of attentional control operated via the relation with 
phonological awareness. This result sheds light on previous results showing long-term effects 
of attentional control on concurrent scores of phonological awareness and decoding (Walcott 
et al., 2010). That is, children's phonological awareness should be considered separately 
to other reading abilities when examining the role of attentional control to reading development. 
The present results also fit well with the findings of Dice and Schwanenflugel (2012). They too 
have shown that phonological awareness mediates the relation between attentional control to 
later decoding, albeit at an earlier developmental stage (i.e., preschool to kindergarten) and 
not measured with objective, direct tasks as in the present study. In keeping with Dice and 
Schwanenflugel (2012), we conclude that only examining the direct relationship between 
attentional control and decoding is not sufficient, as prior phonological awareness is a crucial 
prerequisite to decoding and thus its influence must also be examined.
An indirect relation between action control and decoding was found with phonological awareness 
mediating this; a significant initial correlation between action control and decoding was absent. 
In more conservative statistical methods, such as Sobel (1982), this would not be considered 
suitable to analyse indirect effects, but more and more statistical recommendations warn that 
considering a significant total effect as a prerequisite for analyzing mediation is a risk for under-
analyzing data (Hayes, 2013; Rucker et al., 2011). This is in line with our result that shows that 
for the foundational value of action control to decoding, the gradual role via its prerequisite 
phonological awareness must be considered. Lepola et al. (2005) also implicitly showed an 
indirect relation of action control with word reading skill via phonological awareness. In their 
study, however, the initial correlations without taking the mediator into account were significant. 
But the children in that study were younger and still in informal education when their reading skills 
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were assessed. Consequently, they were less practiced in reading, resulting in more demands 
on their executive control. Moreover, reading skill was assessed by means of word recognition 
(i.e., identifying picture–word associations out of a set of four pairs), which is by nature a different 
type of reading task compared to our decoding task.
Our results suggest that both attentional and action control can impact children's reading even 
before exposure to formal reading instruction. In fact, the relation of both types of executive 
control with concurrent phonological awareness in kindergarten completely interfered with 
the relation of executive control with later decoding. This implies that executive control 
indeed plays a crucial role in kindergarten informal reading abilities: In the form of attentional 
control in becoming aware of the structural features of a language, and in the form of action 
control in facilitating early reading practice. The developmental spurt in executive control that 
strongly intertwines with a shift towards more self-monitored learning closely preceded the 
measures of executive control and phonological awareness (e.g., Diamond, 2002; Ramscar & 
Gitcho, 2007). As the relation between these measures fully mediated the relation with decoding, 
we posit that the developmental spurt may set the stage for the influence of executive control 
on the development of reading via the contributions to growth in phonological awareness. 
 
Although the correlations of attentional and action control with phonological awareness were 
comparable, the correlations with one-year later decoding differed. This implies that, indeed, 
different types of executive control should be distinguished when examining early reading. As 
expected, we found no correlation between action control and subsequent decoding. Blair and 
Razza (2007) also could not establish a relation between action control and early reading skills 
one year later, but our result seems to contradict some other findings. For example, McClelland, 
Cameron, Connor, et al. (2007) related preschool growth in action control to higher learning 
gains for letter knowledge and decoding half a year later. However, they considered a composite 
score for overall reading, just as in most other studies that assessed the impact of action control 
on reading abilities.We longitudinally separated phonological awareness from decoding. The 
explanation for the differences in initial correlations between attentional and action control to 
decoding might lie in the nature of the associated learning transition (Ramscar & Gitcho, 2007). 
As learning becomes more integrated and self-monitored, the type of executive control 
mostly demanded for the emergence of phonological awareness is attentional control: This type 
is necessary to identify the structural features of a word. When reading instruction starts, action 
control becomes needed. At the time that action control was measured in the present study, 
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formal reading instruction had not been initiated yet and action control was therefore hardly 
necessary in the context of reading instruction. Consequently, influences of action control might 
not have been strong enough to directly affect one-year later decoding, even though both types of 
executive control are strongly related to children's early phonological awareness. Thus, influences 
of attentional control might precede those of action control when it comes to reading development. 
The Principal Component Analysis of the measures of executive control adds to the existing 
literature on children's measurement of executive control. In most studies that use the current 
tasks, the focus is on the key executive functions that underlie attentional and action control, 
namely inhibition, working memory and cognitive flexibility (Diamond, 2013; Diamond et al., 
2007). As some of these executive functions are demanded less by one block than another, 
prior studies have considered the results for the three blocks separately (e.g., Davidson et al., 
2006; Diamond et al., 2007). However, Miyake, Friedman, Emerson, Witzki, and Howerter 
(2000) argued that executive functions can contribute differently to different measures of the 
same executive functions, and that they therefore also should be treated as unitary constructs 
that represent higher-order types of executive control (see also Garon, Bryson, & Smith, 2008). 
Indeed, the present results of the factor analyses show that the nature of both tasks demand 
different higher-order aspects. Prior studies have repeatedly suggested that these are attentional 
and action control (Diamond et al., 2007; Rueda et al., 2005). Executive functions are essential 
for both, for example, to inhibit a dominant behavioral tendency (action control), and to shift 
from word meaning to word form by focusing on distinct phonemes within a word (attentional 
control).
There are several limitations in the present study. To begin with, the measures of executive 
control and phonological awareness were administered concurrently in kindergarten and 
related to decoding one year later. To obtain a fully longitudinal research design, it is 
recommended that executive control and phonological awareness are measured at different 
points in time. The measures were also conducted in order of increasing difficulty to make 
the children feel comfortable and confident about their participation, although order effects 
cannot completely be ruled out. Furthermore, to examine uncluttered statistical mediation 
it is important that not too many other variables despite the (in)dependent variables and 
mediator are included in the model, because their relations will all be analyzed in relation to 
the (in)direct effects as well. However, in educational practice many other variables such as rapid 
automatized naming play a role as shown by the moderate coefficients. Another possible limitation 
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is that we operationalized executive control only in terms of attentional and action control. 
While these are certainly major components of children's executive control, other aspects 
such as planning and persistence may also be important (see also Blair & Razza, 2007). 
Further research may enrich the current model in several ways. More follow-up measurements 
of decoding later in formal reading education will help us determine the direction and strength 
of the influence of the developmental spurt in executive control in relation to reading 
development. To the best of our knowledge, only Dally (2006) and Lepola et al. (2005) included 
more than two measurement occasions when assessing the influences of executive control 
on various reading aspects, but these studies used subjective teacher-ratings of executive 
control. Moreover, inclusion of reading comprehension in the model enables the longitudinal 
examination of the mediation effects of prerequisited phonological awareness to the reading 
skill that follows from decoding (Perfetti, Landi, & Oakhill, 2005). For reading comprehension, 
children must monitor information from different representations and construct a coherent 
mental representation. This places high demands on executive control, for example, to hold 
information in mind, to integrate it with existing knowledge, and to resolve any inconsistencies 
(Diamond, 2013; Perfetti et al., 2005). Further, similar designs can be tested for more opaque 
languages. Seymour, Aro, and Erskine (2003) showed that reading skills develop faster in a 
language with a transparent orthography such as Dutch (see also Hirvonen, Georgiou, Lerkkanen, 
Aunola, & Nurmi, 2010; Verhoeven & van Leeuwe, 2009). In more opaque orthographies, the 
grapheme–phoneme decoding phase develops later, which might lead to higher demands of 
executive control in first grade compared to Dutch.
To summarize, the development of kindergarten phonological awareness is related to attentional 
and action control. These relations are crucial to consider, as both completely mediated 
the previously established relation of executive control with first grade decoding. It can therefore 
be concluded that executive control has a gradual influence to reading development: if executive 
control closely after its developmental spurt is high, it more  strongly influences the development 
of phonological awareness, which in turn provides children with a more proficient basis for the 
formal development of decoding. Theoretically, our results show that the neglect of prior 
phonological awareness when examining the role of children's executive control in their 
subsequent reading ability undermines an adequate understanding of the role of executive 
control. Practically, our study implies that early interventions aimed at the prevention of reading 
difficulties should not only focus on phonological awareness but also on stimulating attentional 
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and action control. As such, children are likely to benefit more from practice (attentional 
control) and early instruction (action control) of the phonological awareness intervention, 
which will provide them with a more proficient basis for learning to decode words in primary 
school.
    References
 
Altemeier, L.E., Abbott, R.D., & Berninger, V.W. (2008). Executive functions for reading and writing in typical 
 literacy development and dyslexia. Journal of Clinical and Experimental Neuropsychology, 30, 588-606. 
Baron, R.M. & Kenny, D.A. (1986). The moderator-mediator variable distinction in social psychological research: 
 Conceptual, strategic, and statistical considerations. Journal of Personality and Social psychology, 51, 
 1173-1182.
Blair, C., & Diamond, A. (2008). Biological processes in prevention and intervention: The promotion of self-  
 regulation as a means of preventing school failure. Development and Psychopathology, 20, 899-911.
Blair, C., & Razza, R.P. (2007). Relating effortful control, executive function, and false belief understanding to 
 emerging math and literacy ability in kindergarten. Child Development, 78, 647–663.
Bus, A.G. & Van IJzendoorn, M.H. (1999). Phonological awareness and early reading: A meta-analysis of 
 experimental training studies. Journal of Educational Psychology, 91, 403-414.
Cartwright, C.B. (2012). Insights from cognitive neuroscience: The importance of executive function for early 
 reading development and education. Early Education and Development, 23, 24-36.
Castles, A. & Coltheart, M. (2004). Is there a causal link from phonological awareness to success in learning? 
 Cognition, 91, 77-111.
Dally, K. (2006). The influence of phonological processing and inattentive behavior on reading acquisition. 
 Journal of Educational Psychology, 98, 420-437.
Davidson, M.C., Amso, D., Anderson, L.C., & Diamond, A. (2006). Development of cognitive control and 
 executive functions from 4-13 years: Evidence from manipulations of memory, inhibition, and task 
 switching. Neuropsychologia, 44, 2037 - 2078. 
Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135-168.
Diamond, A. (2002). Normal development of prefrontal cortex from birth to young adulthood: Cognitive 
 functions, anatomy, and biochemistry. In D.T. Stuss & R.T. Knight (Ed.). Principles of Frontal Lobe Function 
 (pp. 466-503). London: Oxford University Press.
Diamond, A., Barnett, W.S., Thomas, J., & Munro, S. (2007). Preschool program improves cognitive control, 
 Science, 318, 1387-1388.
Diamond, A. & Lee, K. (2011). Interventions shown to aid executive function development in children 4-12 years old. 
 Science, 333, 959-964.
Dice, J.L. & Schwanenflugel, P. (2012). A structural model of the effects of preschool attention on kindergarten 
  literacy. Reading and Writing, 25, 2205-2222.
Garon, N. B., Bryson, S. E., & Smith, I. M. (2008). Executive function in preschoolers: A review using an integrative 
 framework. Psychological Bulletin, 134, 31 -60.
Hayes, A.F., (2009). Beyond Baron and Kenny: Statistical mediation analysis in the new millennium. 
 Communication Monographs, 76, 408-420.
48 49
Meditation by phonological awareness
 
Hayes, A. F. (2013). Introduction to mediation, moderation, and conditional process analysis. New York: The 
 Guilford Press.
Hirvonen, R., Georgiou, G.K., Lerkkanen, M-J., Aunola, K., & Nurmi, J-E. (2010). Task-focused behaviour and 
 literacy development: A reciprocal relationship. Journal of Research in Reading, 33, 302-319.
Kegel, C.A.T., Van der Kooy-Hofland, V.A.C., & Bus, A.G. (2009). Improving early phoneme skills with a computer 
 program: Differential effects of regulatory skills. Learning and Individual Differences, 19, 549-554.
Krom, R., Jongen, I., Verhelst, N., Kamphuis, F., & Kleintjes, F. (2010). Drie-Minuten-Toets en AVI. Groep 3 tot en 
 met 8 [Three-Minutes-Reading-Test and AVI. Grade 1 to 6]. Arnhem: Cito.
Lepola, J., Poskiparta, E., Laakkonen, E., & Niemi, P. (2005). Development of and relationship between 
 phonological and motivational processes and naming speed in predicting word recognition in grade 
 1. Scientific Studies of Reading, 9, 367-399.
McClelland, M., Cameron, C., Connor, C., Farris, C., Jewkes, A., & Morrison, F. (2007 Links between behavioral 
 control and preschoolers literacy, vocabulary, and math skills. Developmental Psychology, 43, 947-959. 
McClelland, M. M., Cameron, C. E., Wanless, S. B., & Murray, A. (2007). Executive function, behavioral self-regulation, 
 and social-emotional competence: Links to school readiness. In O. N. Saracho & B. Spodek (Ed.). 
 Contemporary Perspectives on Research in Social Learning in Early Childhood Education (pp. 83–107). 
 Charlotte, NC: Information Age.
Miyake, A., Friedman, N.P., Emerson, M.J., Witzki, A.H., & Howerter, A. (2000). The unity and diversity of executive 
 functions and their contributions to complex “frontal lobe’’ tasks: A latent variable analysis. Cognitive 
 Psychology, 41, 49-100.
Perfetti, C.A., Landi, N., & Oakhill, J. (2005). The acquisition of reading comprehension skill. In M. J. Snowling & C. 
 Hulme (Ed.). The Science of Reading: A handbook  (pp. 227-247). Oxford: Blackwell.
Preacher, K.J. & Hayes, A.F. (2004). SPSS and SAS procedures for estimating indirect effects in simple mediation 
 models. Behavior Research Methods, Instruments, & Computers, 36, 717-731.
Preacher, K.J. & Hayes, A.F. (2008). Asymptotic and resampling strategies for assessing and comparing indirect 
 effects in multiple mediator models. Behavior Research Methods, 40, 879-891.
Ramscar, M. & Gitcho, N. (2007). Developmental change and the nature of learning in childhood. Trends in Cognitive 
Sciences, 11, 274-279.
Rucker, D.D., Preacher, K.J., Tormala, Z.L., & Petty, R.E. (2011). Mediation analysis in social psychology: Current  
 practices and new recommendations. Social and Personality Psychology Compass, 5/6, 359-371. 
Rueda, M.R., Posner, M.I., & Rothbart, M.K. (2005). The development of executive attention: Contributions to 
  the emergence of self-regulation. Developmental Neuropsychology, 28, 573-594.
Seymour, P.H., Aro, M., & Erskine, J.M. (2003). Foundation literacy acquisition in European orthographies. 
 British Journal of Psychology, 94, 143-174.
Shing, Y., Lindenberger, U., Diamond, A., Li, S-C., & Davidson, M. (2010). Memory maintenance and inhibitory 
 control differentiate from early childhood to adolescence. Developmental Neuropsychology, 35, 679-697. 
Simpson, A., Riggs, K.J., Beck, S.R., Gorniak, S.L., Wu, Y., Abbott, D., & Diamond, A. (2012). Refining the under- 
 standing of inhibitory control: How response prepotency is created and overcome Developmental 
 Science, 1-12.
Sobel, M.E. (1982). Asymptotic confidence intervals for indirect effects in structural equation models. In S. Leinhardt 
 (Ed.). Social Methodology (pp. 190-212). San Fransisco: Jossey-Bass.
50 51
Chapter 2
Torgesen, J., Wagner, R., & Rashotte, C. (1994). Longitudinal studies of phonological processing and reading 
 Journal of Learning Disabilities, 27, 276-286.
Verhoeven, L. (1995). Drie Minuten Toets en Toets voor Auditieve Synthese en Grafementoets [Three Minutes Test 
 and Test for Blending and Grapheme Knowledge Test]. Arnhem: Cito.
Verhoeven, L. & van Leeuwe, J. (2009). Modeling the growth of word-decoding skills: Evidence from Dutch 
 Scientific Studies of Reading, 13, 205-223.
Vloedgraven, J., Keuning, J., & Verhoeven, L. (2009). Screeningsinstrument Beginnende Geletterdheid [Diagnostic 
 instrument for emerging literacy]. Arnhem: Cito.
Vloedgraven, J. & Verhoeven, L. (2007). Screening of phonological awareness in the early elementary grades: An 
 IRT approach. Annals of Dyslexia, 57, 33–50.
Walcott, C.M., Scheemaker, A., & Bielski, K. (2010). A longitudinal investigation of inattention and preliteracy 
 development. Journal of Attention Disorders, 14, 79-85.
Zelazo, P.D. & Frye, D. (1997). Cognitive complexity and control: A theoryof the development of deliberate 
 reasoning and intentional action. In: M. Stamenov (Ed.). Language Structure, Discourse, and the Access 
 to Consciousness (pp. 113-153). Amsterdam and Philadelphia: John Benjamins.
53
53
 Chapter 3
How attentional and action control 
predict early reading development
Reference: Van de Sande, E., Segers, E., & Verhoeven, L. (2015). 
How attentional and action control predict early reading development. 
Manuscript submitted for publication.
54 55
AbstrACt
 
Attentional and action control are essential to reading development. They enable the 
construction and monitoring of representations, and of efficient task-behavior to benefit from 
reading instruction. The longitudinal and unique contributions of these internal and external 
contributions of executive control to early reading are still unclear. We therefore examined 
how they facilitate reading development from kindergarten to second grade in 94 children. 
Structural Equation Modeling showed different mediation effects for both types of executive 
control to first- and second grade reading skills via phonological awareness in kindergarten. 
From these results it can be concluded that both types uniquely allowed for the emergence 
of kindergarten preliteracy skills, which in turn provided children with a better starting point 
for reading development in first- and second grade.
Chapter 3
54 55
Attentional and action control for early reading development
Introduction
Reading comprehension is a primary educational goal, but a very complex ability to master. 
While reading texts, bottom-up as well as top-down processes are necessary, because the 
reader has to decode words and simultaneously integrate the meaning that is conveyed 
(Perfetti, 2007). These processes rely upon two main types of executive control: attentional 
control at an internal level, and action control at an external level (Cartwright, 2012; Diamond, 
2013). Attentional control, in the literature also referred to as cognitive inhibition, helps to 
monitor the cognitive representations of the text that is read (Arrington, Kulesz, Francis, 
Fletcher, & Barnes, 2014; Conners, 2009). And action control, also called behavioral inhibition, 
prevents acting out impulsively in class and act accordingly to the learning demands 
instead. The latter type of control underlies better task-focused behavior, resulting in higher 
gains from reading instruction (Altemeier, Abbott, & Berninger, 2008; Hirvonen, Georgiou, 
Lerkkanen, Aunola, & Nurmi, 2010). The importance of both types of executive control 
for reading development are established, but longitudinal studies are generally lacking 
(McClelland, Acock, & Morrison, 2006; Willoughby, Kupersmidt, & Voegler-Lee, 2012). 
Moreover, most studies considered executive contributions with subjective teacher-ratings 
of either attentional or behavioral control. The aim of the present study therefore was to 
examine the unique direct and indirect contributions of objective and domain-general 
measures of attentional and action control to decoding and reading comprehension in 
second grade via advancements in prior control reading skills in kindergarten and first grade. 
Before children can develop the complex ability of reading comprehension, they first need 
to acquire the underlying phonological and decoding skills (Bus & van IJzendoorn, 1999; 
Perfetti, 2011; Stanovich, 2000, Torgesen, 2000). Phonological awareness begins to develop 
around four years of age, and progresses rapidly from a syllable and onset-rime level to an 
experienced phoneme level at six years of age (Bradley & Bryant, 1983; Castles & Coltheart, 
2004; Goswami, 2000). From children’s phonological awareness grows their understanding 
that a phonological form corresponds to an orthographic form and that, just as with 
phonemes, graphemes can be connected to form a written word (Melby-Lervåg, Lyster, & 
Hulme, 2012; Verhoeven, Reitsma & Siegel, 2011). The ability to decode words then gradually 
develops with increased accuracy and speed to an automatized recognition of written words 
(Adams, 1990; Ehri, 2005; Verhoeven & Van Leeuwe, 2009). Alongside the development of 
decoding skills, children also acquire further phonological abilities. Soon after the ability to 
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decode words (around six years of age) follows the reading of sentences and text passages. 
Children then also start to acquire the understanding of the meaning of the text at the lexical, 
semantic, syntactic, and pragmatic level (Perfetti, 1992; Perfetti, Landi, & Oakhill, 2005). 
In addition to bottom-up phonological and decoding skills, reading comprehension demands 
higher order (top-down) information processing to simultaneously monitor these multiple 
reading levels and integrate them into a mental model of the text (Perfetti, 2007). Core 
executive control capacities such as inhibition and working memory are essential for reading 
development, because they make it possible to control, plan, and direct attentional and action 
processes (Best, Miller, & Naglieri, 2011; Diamond, 2013; Kegel & Bus, 2014). For example, 
inhibition is necessary to automatically resist irrelevant information retrieval from memory 
on an attentional level. And it is necessary to withold from impulsive actions in a tempting 
kindergarten environment, resulting in better task-focused behaviour during reading instruction 
(Diamond, 2013). It has indeed been found that on an attentional level, executive control is 
involved in processes such as suppressing irrelevant information retrieval and flexibly switching 
between orthographic, semantic and spoken representations (e.g., Arrington et al., 2014; 
Henderson, Snowling, & Clarke, 2013; Sesma, Mahone, Levine, Eason, & Cutting, 2009). 
However, longitudinal insights about attentional benefits to reading early in life are still quite 
limited (Garon, Bryson, & Smith, 2008). Dally (2006) established a relation between inattention 
in kindergarten and reading comprehension in second grade, and Rabiner et al. (2000) showed 
that kindergarten attentional control contributed to first grade decoding. Moreover, they 
showed that the number of children with reading difficulties due to inattentiveness doubled 
from kindergarten to first grade, suggesting that it is difficult to catch up once attentional 
control interferes with early reading development. However, as in many studies examining 
attention to reading, the subjective assessment of attentional control in the studies above 
inevitably included some assessment of the control of action as well. That is, teachers perceive 
children’s attention through their learning behavior that is visible (i.e., external). A focus on 
more cognitive, objective measures of attentional control is thus called for. 
On an external level, the ability to control or inhibit one’s actions is essential to overcome 
acting out impulsively in class. This type of executive control thus underlies better task-focused 
behavior and helps to benefit from reading-related classroom activities (e.g., Diamond & Lee, 
2011; McClelland, Cameron, Wanless, & Murray, 2007). As with attentional control, only few 
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studies longitudinally investigated benefits of action control to beginning reading, and used 
subjective assessments. As a case in point, Hirvonen et al. (2010) established that a lack of 
control over one’s actions caused kindergartners to reduce their task-focused behavior and to 
give up more quickly when the reading tasks were difficult. Likewise, Lepola, Niemi, Kuikka, and 
Hannula (2005) established contributions of kindergarten task-focused behavior to decoding 
and reading comprehension in second grade, even when controlling for prior reading skills. 
McClelland, Acock, and Morrison (2006) evidenced that kindergartners with low control of 
their actions in the classroom remained behind on their peers on reading comprehension, 
resulting in a widening gap in this skill from kindergarten to second grade. What’s more, Spira, 
Bracken, and Fischel (2005) showed that kindergarten reading deficits could be overcome 
by behavioral factors, and helped to provide a better basis for the development of reading 
comprehension in fourth-grade.
Converging evidence thus suggests that poor attentional and action control in kindergarten 
could hamper the development of later reading development. However, more fine-grained 
insights are called for. That is, most studies concerned the influence of one type of executive 
control, while in fact both types might contribute uniquely to early reading development (see Foy 
& Mann, 2013; Van de Sande, Segers, & Verhoeven, 2013). Blair and Razza (2007), for example, 
evidenced that preschool attentional control benefitted to letter-sound knowledge in 
kindergarten while action control did not. Moreover, most studies that are described above 
did not control for executive control at each time-point of their longitudinal design, while 
that is necessary to confirm the contemporary view that early executive contributions have 
an increasing effect to academic achievements because they help to lay the basis of early 
precursors that develop before formal education begins (Wass, Scerif, & Johnson, 2012). 
The study by Lepola et al. (2005) showed that task-focused behavior - both before formal education 
and concurrently - did contribute to second grade decoding and reading comprehension, 
while task-orientation in first grade did not. And recently, it has been found that classroom 
behavior in first grade did not contribute to consecutive reading skills when kindergarten action 
inhibition was included in the model, despite initial significant correlations (Von Sucholetz, 
Trommsdorf, Heikamp, Wieber, & Gollwitzer, 2009). Contributions of direct action control 
measures at both time points, however, are not yet examined. Moreover, to our knowledge, no 
studies on the role of attentional control to early reading exist that control for its development 
over time. 
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Furthermore, previous studies mostly concern a composite reading score that taps multiple 
reading abilities. But the executive roles to different reading skills might differ. Only a recent 
study by Arrington et al. (2014) disentangled effects of attentional control to different 
reading skills, but in adolescents. They showed that attentional inhibition predicted reading 
comprehension, but not decoding.  Moreover, whereas reading comprehension continues to 
demand attentional control in order to update the mental model of the texts, reading abilities 
such as decoding might rapidly progress to an automatized process in the early grades, 
resulting in diminished attentional demands (see Adams, 1990; Ehri, 2005; Verhoeven & van 
Leeuwe 2009). 
That is, when phonological and decoding abilities are not yet automatized and hence still require 
explicit and effortful processing, children need the control of their attention and action for these 
abilities. This will be at the expense of benefits to reading comprehension (e.g., Dally, 2006; 
Perfetti, 1992). In kindergarten and first grade, children need attentional control to consciously 
process and decode phonological information by, exemplarily, suppressing attention to 
irrelevant phonological codes and flexibly shifting attention between different sounds and 
graphemes (Altemeier et al., 2008, Dally, 2006; Foy & Mann, 2013; Walcott, Scheemaker, & 
Bielski, 2010). And for external control of their actions as well, evidence has shown that it helps 
to benefit from (informal) reading instruction in kindergarten and first grade (Diamond & Lee, 
2011; Kegel, van der Kooy-Hofland, & Bus, 2009; McClelland, Cameron, Connor, et al., 2007; 
Von Sucholetz, Trommsdorff, Heikamp, Wieber, & Gollowitzer, 2009). 
Executive control both on the attentional and action level thus seems necessary to 
accommodate the full developmental trajectory from kindergarten phonological awareness 
that is present before formal reading instruction, to first grade and second grade phonological 
awareness, decoding and reading comprehension. It can hence be assumed that early executive 
control might set a gradual basis for benefits to later reading via its influence on prerequisited 
phonological and decoding abilities. To date, however, such mediation effects are just 
beginning to be understood. For attentional control, Dice and Schwanenflugel (2012) showed 
that phonological awareness fully mediates the relation between attention in preschool and 
decoding in kindergarten. And Dally (2006) showed mediation by decoding between kinder-
garten (subjective) inattention and reading comprehension two years later. For the control of 
action, mediation by phonological awareness was implicitly established by Lepola, Poskiparta, 
Laakkonen, and Niemi (2005), who showed mediation between second grade task-focused 
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behavior and word recognition by benefits to kindergarten and first grade phonological 
awareness and task-focused behavior. Examination of mediation effects from action control up 
to the stage of second grade reading comprehension remains, to our knowledge, yet unknown. 
Studies examining mediation for both types of executive control in one and the same design 
are also extremely scarce. In a recent study, we examined mediation effects for both types to 
first grade decoding, with prior phonological awareness being the mediator (Van de Sande, 
Segers, & Verhoeven, 2013). We tested separate models and only included decoding as an 
outcome to be able to establish the true mediation effects. We found a full mediation effect 
for attentional control, while for action control only an indirect effect (i.e., no initial effect) 
could be established. These results suggest that both types of executive control provide 
children with different basics to pick up on reading abilities in early formal education.It remains 
to be explored, however, what the unique contributions of both types of executive control are 
to the next stage of reading development; the complex skill of comprehension monitoring. 
Moreover, the full cross-lagged trajectory of subsequent reading skills and both types of 
executive control have not been examined yet. 
The current longitudinal study examined the development of multiple reading skills between 
kindergarten and second grade by comparing the unique contributions of attentional and 
action control to separate reading skills that develop up to three years later. The research 
question addressed in the present study was: 
To what extent does kindergarten phonological awareness and first grade reading skills 
mediate the role of attentional and action control to second grade decoding and reading 
comprehension? 
We expected initial (i.e., without control for the mediators) relations between attentional control 
with phonological awareness, decoding, and reading comprehension, as spoken and written 
information needs to be processed and resulting mental models need to be updated. For 
action control, initial relations with phonological awareness and reading comprehension were 
expected, but not with decoding. With regard to mediation effects, we hypothesized that 
benefits of both attentional and action control to concurrent phonological awareness would 
provide the children with a more proficient phonological basis and that this basis, in turn, would 
set the stage for subsequent reading abilities. For attentional control, we expected that a direct 
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effect to reading comprehension would remain as well, due to its complex and continuous 
monitoring demands. Thus, partial mediation was expected for attentional control, and full 
mediation for action control. Moreover, in line with the current viewpoint that the major 
contributions of executive control take place before formal education begins, we expected 
that initial relations of first- and second grade attentional and action control would disappear 
if we included their influence on reading development in kindergarten in the model (cf. Lepola 
et al., 2005; Von Sucholetz et al., 2011).
Method
Participants
We approached twelve schools, of which eight agreed to participate. This study was a subset 
of a study for which a proportion of the children per class were selected. Selection was done 
randomly. All parents gave consent for their children’s participation. An initial number of 109 
children participated in the present study. These children were approximately six years of age 
at the start of the study and thus in kindergarten. All children were native Dutch and came 
from middle to upper-middle class families. Two years later at measurement occasion three, 
fifteen children had dropped out due to attrition or retainment in kindergarten. This final 
sample of 94 children contained 50 boys and 44 girls with a mean initial age of 6 years and 3 
months (SD = 0;04, ranging from 5;04 years to 7;04 years).
 
Measures
Executive control
 We assessed executive control of attention and action with two domain-general and direct 
(objective) tasks. Flanker Fish was used to assess attentional control, and Hearts & Flowers 
to assess the control of action (Diamond et al., 2007; Rueda, Posner, & Rothbart, 2005). Both 
tasks had three blocks with different rules that reflected different experimental conditions: 
congruent, incongruent, and mixed. These blocks were administered via the computer. For 
every trial, a stimulus appeared on the right or left side of the screen and the children had 
to press one of two marked buttons on the keyboard according to the game rules. All of the 
items had a restricted stimulus presentation time (trial durations of 2000 ms. for Flanker Fish 
and 1500 ms. for Hearts & Flowers). Items that were responded to in less than 200 milliseconds 
following stimulus onset were deleted, as these items were too likely to be inhibitory failures (see 
Davidson, Amso, Anderson, & Diamond, 2006; Shing, Lindenberger, Diamond, Li, & Davidson, 
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2010). This resulted in an initial removal of 19.22% for the Flanker Fish task and 2.59% for the 
Hearts & Flowers task. All remaining items that were correctly responded within the allocated 
time frame were assigned a score of one (Diamond, Barnett, Thomas, & Munro, 2007; Davidson 
et al., 2006).
 
Flanker Fish. This task assessed attentional control by having children pay special attention 
to some features of the stimuli while inhibiting others (Diamond et al., 2007; Rueda, Posner, & 
Rothbart, 2005). The children had to feed hungry fish by pressing the button corresponding 
to the direction in which the hungry fish were facing. These fish were generally accompanied 
by five other fish that together could appear in one of three possible combinations. The 
middle fish either swam in the opposite direction from the flanker fish; all fish swam in the 
same direction; or only the stimuli fish were shown. There were three blocks with different 
game rules. In the first block, the fish were blue and the children were told that the hungry 
fish was in the middle. Consequently, the children had to inhibit their tendency to pay 
attention to the flanker fish. Due to ceiling effects, block 1 was deleted from analyses from 
first grade (M = 15.02, SD = 1.88). In the second block, the fish were pink and the hungry 
fish were in the flankers, and hence the middle fish should be ignored. In block three, 
blue and pink fish appeared by turns, and the children had to act according to the rules that 
applied for the colors in the first two blocks. There were sixteen items in the first and second 
block. In the third block, 44 items were included (Cronbach’s α = .89).
 
Hearts & Flowers. As an indication of children’s control to acting out impulsively, children 
were elicited an action (i.e., motor) response of pressing a button that they had to control, 
and replacing it by a less salient alternative opposite response (Davidson, Amso, Anderson, 
& Diamond, 2006; Diamond, 2013; Shing, Lindenberger, Diamond, Li, & Davidson, 2010). 
A heart or flower appeared either on the left or right side of the screen. Both objects were of 
the same color and size. Similar to the Flanker Fish task, there were three blocks with different 
game rules. In the first block, children saw hearts and had to press a marked button on the 
same side of the heart. This block showed ceiling effects (M = 12.91, SD = 1.63) and was 
therefore omitted. During the second block, only flowers were presented and children had 
to press the button opposite to the flower. In the third block, hearts and flowers trials were 
alternated and the children had to respond according to the rules in the previous blocks. 
There were fourteen items in the second block. In the third block, 32 items were included 
(Cronbach’s α = .83).
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Aggregated executive control measures. To ensure that the different tasks tapped the two 
distinct types of executive control as showed in the literature (e.g., Diamond, 2013; Rueda, 
Posner, & Rothbart, 2005; Van de Sande, Segers, & Verhoeven, 2015), we conducted a Principal 
Component Analysis. The z-scores of all separate blocks from the two tasks where included 
in the factor analysis using Oblimin Rotation. Two distinct factors were revealed. Factor 1 
(attentional control) showed high loadings (.70 - .84) on the items from the Flankers Fish task 
and explained 44.13 % of the variance. Factor 2 (action control) showed high loadings (.76-
.84) on the items from the Hearts & Flowers task and explained 20.78 % of the variance in the 
children’s responding on this task. To keep the scoring level constant across time points, the 
sum of z-scores per subtask were used for the analyses.
Phonological awareness 
To measure the children’s phonological awareness, we administered the Screeningsinstrument 
Beginnende Geletterdheid [Screening Instrument for Emerging Literacy] (Vloedgraven, Keuning, 
& Verhoeven, 2009). This task measures different aspects of children’s early phonological 
awareness: rhyming, phoneme segmentation, phoneme blending and phoneme deletion 
(Vloedgraven, Keuning, & Verhoeven 2009; Vloedgraven & Verhoeven, 2007). 
These tasks were administered via the computer. All items were provided both auditory 
and visually on the computer screen. The children were presented three or four pictures 
accompanied by the auditive name of these stimuli. The children had to select a picture 
from this set to answer an auditively provided question. Each task included fifteen high-
frequency monosyllabic words as items. The items in the rhyming task all had a Consonant 
Vowel Consonant (CVC) structure. The other subtasks included items with three, four or five 
phonemes and a varying Consonant Vowel (CV) structure. In the rhyming task, the children 
heard a word and had to select the response alternative that rhymes. In the phoneme 
segmentation task, the target word was presented in its individual phonemes and the children 
were asked to indicate which of the three alternatives on the computer screen corresponded 
to it. In the phoneme blending task, the children were asked to select that response alternative 
which began with the same phoneme as the one in the target word. In the phoneme deletion 
task, the children were asked to indicate that alternative from which a phoneme was deleted in the 
target item, which resulted in another existing word (see Vloedgraven, Keuning, & Verhoeven, 
2009). For all these subtasks, every correct item was assigned a score of one (Cronbach’s α = .80). 
The sum of z-scores per subtask were used for the analyses for the measures in kindergarten. 
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In first grade, only phoneme deletion was assessed as indication for phonological skills due to 
children’s more advanced level of phonological awareness. 
Aggregated phonological awareness measures. Principal Component analysis with Oblimin 
Rotation on the z-scores of the subtasks resulted in a single underlying factor that explained 
43.94% of the variance, with component loadings ranging from .48 to .85. 
 
Word decoding
The Three-Minutes-Reading-Test was administered in first- and second grade. This test consists 
of three cards with 150 high-content words (Verhoeven, 1995). For each card, children had to 
read as many words aloud as possible within one minute. Every card represented a different 
word type of increasing difficulty. Card one consisted of monolyllabic CVC words, card 
two of monosyllabic words with consonant clusters, and card three of polysyllabic words. 
Only the first and second card were assessed in first grade due to the difficulty level of the 
third card. In second grade all three cards were assessed. For first grade we used the sum 
of the z-scores per card and in second grade the standardized scores over the three cards 
(Cronbach’s α = .96; Krom, Jongen, Verhelst, Kamphuis, & Kleintjes, 2010).
Reading comprehension
To measure reading comprehension abilities, the Begrijpend Lezen Groep 4 [Reading 
Comprehension Grade 2] was administered (Krom, Jongen, Verhelst, Kamphuis, & Kleintjes, 2006). 
This task consists of 50 multiple-choice questions regarding the main idea of the text, specific 
details, cloze items, and inferential questions. Questions concerned texts from five different 
text genres (e.g., expository, letter, narrative). Scores on the test were normalized to account 
for relative differences in complexity and weight of the questions (reliability τ(θ) = .92; 
Feenstra, Kamphuis, Kleintjes, & Krom, 2010).
  
Procedure
The children were tested on three occasions; In kindergarten, in first grade, and in second grade. 
Time of testing was always in spring, and was kept similar for every occasion as much as possible. 
Second grade decoding and reading comprehension were assessed groupwise per class. 
All other measures were assessed individually in a quiet room at the children’s school with only 
the child and experimenter present.
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In kindergarten, the children’s attentional and action control together with their phonological 
awareness were assessed. Testing was divided in two sessions of approximately fifteen minutes 
each. In both sessions, the first minutes were devoted to instructions and practice items. To 
let the children feel comfortable about their participation, the first session contained the tasks 
that were easier and more fun to do. During the first session, the children thus performed 
the Flanker Fish and the Hearts & Flowers tasks. The children’s phonological awareness was 
assessed during the second kindergarten session. 
In first grade, the children’s attentional and action control were assessed, as well as their 
phonological awareness and decoding abilities. The first session again contained the executive 
control measures, and in the second session their phonological awareness and decoding were 
assessed. Test sessions took approximately ten minutes.
In second grade, again children’s attentional and action control were assessed, together with 
children’s decoding and reading comprehension. Procedure was similar to kindergarten and 
first grade, except for reading comprehension. This was assessed groupwise per class, divided 
over two sessions of approximately 45 minutes per class. 
In-between the measurement occasions, the children continued their normal Dutch reading 
curriculum. In Kindergarten, there was thus a focus on storybook reading. Incidentally, there 
was also some informal practice in phonological awareness. In first and second grade, the 
children received formal reading instruction which in the Netherlands is highly phonics-based 
(Vloedgraven & Verhoeven, 2009).
Data analyses
A series of Structural Equation Modeling with LISREL (Jöreskog & Sörbom, 2003) were 
conducted to analyse the longitudinal contributions of attentional and action control to the 
developmental trajectory of reading from kindergarten to second grade. First, a simplex 
cross-lagged model was undertaken to test the assumption of reading development from 
phonological awareness in kindergarten to phonological awareness and decoding in first 
grade, resulting in decoding and reading comprehension in second grade. Then, attentional 
and action control at each of these three time points were added to the model, to test their 
unique contributions to the developmental trajectory of reading. To test for mediation effects, 
both direct and indirect contributions were formally tested using the Maximum Likelihood 
Estimation method. Non-significant paths to reading skills were stepwise removed to obtain 
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the most parsimonous model. Next to the chi-square (χ2), other fit indices were evaluated to 
attain a robust estimation of the goodness of fit. Root Mean Square Error of Approximation 
(RMSEA) and Comparative Fit Index (CFI) were included because these are the more sensitive 
fit indices for testing with small sample sizes (Fan, Thompson, & Wang, 1999). The Goodness 
of Fit Index (GFI) was also included. The chi-square test should exceed .05, and a smaller 
relative to the degrees of freedom indicates a stronger fit. An RMSEA < .08 indicates an 
acceptable fit and an RMSEA < .06 a strong fit (Browne & Cudeck, 1993). CFI and GFI should 
exceed .90 (Hu & Bentler, 1999; Tabachnick & Fidell, 2001).
   
Analyses of control variables (ANOVAs) showed no significant effects for gender (p = .42), age 
(p = .39), school (p =. 12), or classroom (p = .17). All of these control variables were hence 
excluded from further analyses. 
Results
Descriptive statistics and intercorrelations
The descriptive statistics for the measures of attentional control, action control and phonological 
awareness, decoding and reading comprehension are shown in Table 1 on the next page. 
Next, we correlated the sumscores for attentional and action control, phonological awareness, 
decoding, and normed scores for reading comprehension with each other. As can be seen from 
Table 2 on page 66, all reading abilities correlated moderately to strongly with each other over 
the three school years. Attentional and action control correlated moderately with each other 
at same time points and not all correlated over the years, thereby excluding the possibility 
of multicollinearity. Regarding the correlations of both measures of executive control with 
reading abilities, both attention and action control were related with kindergarten and first grade 
phonological awareness. For later decoding skills, a correlation with initial attentional control 
could be established in first grade, but not in second grade. No correlations of action control 
with decoding could be established at all time points. For reading comprehension, a relation 
with attentional control at kindergarten and first grade was found but for action control only a 
concurrent relation was established.
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Mediation analyses
To explore the unique contributions of attentional and action control to phonological 
awareness, decoding and reading comprehension, standardized path coefficients were 
calculated on correlation matrices in Lisrel 8.54 (Jöreskog & Sörbom, 2003). First we tested 
the simplex model. As can be seen from Figure 1, the fit of the simplex model was good: 
χ2  (4) = 4.97, p = .29, RMSEA = .05, CFI = 0.99, and GFI = .98. The standardized beta coefficients 
show that phonological awareness was a strong predictor for decoding. Decoding, in turn, 
loaded high on subsequent reading comprehension. Moreover, phonological awareness 
was indirectly related to decoding and reading comprehension in second grade via their 
prerequisites in first grade (standardized indirect effect decoding: β = 0.42, p < .001; reading 
comprehension: β = 0.34, p < .001).
Figure 1. Standardized path coefficients for the developmental model of early reading.
In the next step, a set of analyses were conducted to test the contributions of attentional 
and action control to early reading development. To test the hypothesized mediation model, 
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     β  β
Attentional  
control
Action  
control
Phonological awareness grade 1
Decoding grade 1
Decoding grade 1
Reading comprehension grade 2
.10*
.16*
.11*
.09*
.09#
.14*
.10*
.08*
Notes. G1 = Grade 1; G2 = Grade 2. * p < .05, # p = .05
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Table 3. Standardized indirect coefficients of the control of attention and action to 
phonological awareness, decoding, and reading comprehension.
both types of executive control were simultaneously included as prerequisites to the model 
as well as in first- and second grade. All paths that were above the p-level of < .05 were 
excluded, resulting in the final model as depicted in Figure 2. The fit of this final model 
was stronger than for the simplex model of the developmental trajectory of reading only: 
χ2 (12) = 13.23, p = .35, RMSEA = .03, CFI = 0.99, and GFI = .96). Attentional and action control 
thus represented an additional component of the early development of reading.
      
Figure 2 on page 73 shows that full mediation effects were present: the initial significant 
correlations of attentional control to decoding and reading comprehension (see Table 2) 
vanished when the mediators were taken into account. Contrary to our expectations, no 
direct effect of attentional control to reading comprehension could be established when 
the influence of attentional control to prerequisited reading skills were considered. For 
action control, formal interference testing showed that the indirect contributions to all 
reading abilities were significant, and almost of similar strength as for attentional control 
(see Table 3). Furthermore, as expected, all influence of attentional and action control to 
three-year reading development lays in kindergarten, despite significant correlations in first-
and second grade with reading skills.
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Discussion
In this study, we longitudinally examined how children’s attentional (cognitive) and action 
(behavioral) control facilitates reading development from kindergarten to second grade. We 
expected that attentional and action control would provide children with a basis for the 
development of reading skills in kindergarten and first grade, and that this basis would 
mediate the benefits to reading skills in second grade. For attentional control, both direct and 
indirect effects were expected to subsequent phonological awareness and reading 
comprehension, and an indirect effect to decoding. For action control, only indirect effects 
were expected to reading development over time. Our results show that there was indeed 
mediation for attentional and action control to second grade reading skills.
Contrary to our expectation, full mediation was found for attentional control to reading 
comprehension. For action control, however, the model fits our hypotheses well: although the 
initial correlations between action control with later reading abilities were absent, substantial 
indirect effects were found. Moreover, all initial relations of attentional and action control 
with reading skills in the formal grades vanished in the model when the contributions of both 
types in kindergarten were included. Attentional and action control in kindergarten thus 
seemed to enable a prosperous advantage during early phonological development, which in 
turn functioned as a hallmark for benefits to the development of later decoding and reading 
comprehension. 
These results shed further light on previous results showing effects of attentional and action 
control to reading. First, given our differential findings of attentional and action control, our 
results show that multiple types of executive control should be considered simultaneously in 
studies that consider benefits to reading development, instead of isolated as in most studies 
(but see Blair & Razza, 2007; Van de Sande, Segers, & Verhoeven, 2013). Second, we considered 
separate reading abilities in a longitudinal design, compared to the composite reading scores 
that are generally measured concurrently (e.g., Conners, 2009; McClelland, Cameron, Connor, 
et al., 2007; Spira, Bracken, & Fischel, 2005). The rationale behind this design was that prior 
phonological awareness and decoding are essential prerequisites to reading comprehension, 
which implies that the benefits of attentional and action control to these reading abilities must 
be examined separately and chronologically. Our results strongly confirmed this assumption. 
In a similar vein, Dally (2007; and see Dice & Schwanenflugel, 2012) also proposed that indirect 
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effects of attentional control to early reading development should be considered. They found 
that attentional control in kindergarten indeed had a strong influence on second grade 
reading comprehension via first grade decoding. This result is in line with ours, but came 
from subjective measures of attentional control (i.e., teacher-ratings) and regression analyses, 
while we used objective measurements, formally tested the indirect effects and tested a cross-
lagged model. For the control of action, indirect relations to longitudinal reading development 
are previously established as well, but not up to the stage of reading comprehension (only to 
decoding) and again generally with teacher-ratings (e.g., Lepola et al., 2005). 
Although our results indicate that both types of executive control contribute to early reading 
development from kindergarten to second grade, the correlation matrix in Table 2 shows 
that action control did not correlate with decoding skills. The absence of such correlations 
seems to be at odds with the findings by Lepola et al. (2007). They, however, included word 
recognition and teacher-ratings of task-focused behavior instead of the underlying action 
control mechanisms of such behavior. A tentative explanation could therefore be found in 
the different nature of the learning environment in playful kindergarten and formal education, 
resulting in such different demands to action control that relations with a - in a transparent 
orthography - generally quick and automatized task such as decoding would not be strong 
enough to demand action control in a formal learning environment (see also Van de Sande, 
Segers, & Verhoeven, 2013).
The full mediation effect for attentional control to later reading comprehension was 
unexpected. Due to the continuously high attentional demands for the complex skill of 
comprehension monitoring, we hypothesized that there would be a direct attentional effect 
over the indirect effect through prior phonological and decoding abilities. Conners (2009) 
did establish unique variance of attentional control to reading comprehension in 8-year 
olds beyond decoding and linguistic comprehension. But their conclusions were based on 
concurrent findings and did not account for the contributions of prior reading skills and 
executive control. Especially phonological awareness, which was not included in their study, 
has a complex nature as it demands multiple processes to segment and connect sounds. Due 
to this complexity, it is possible that phonological awareness have put such high demands 
on concurrent attentional control that it left no room for direct effects to exert on later 
reading comprehension. Moreover, our findings that the initial relations of attentional control 
with reading comprehension vanished when we included kindergarten attentional control 
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fit with the viewpoint that early executive control can have increasing effects to academic 
achievements over time (Wass et al., 2012).
Of course, there are some limitations to the present study. First, our main focus was on how 
attentional and action control would enable reading development through early precursors 
before formal education, so we included concurrent executive capacities and phonological 
awareness in kindergarten. However, given that mediation analyses are about causality, a 
more genuine mediation approach would be to assess the predictor, mediator and outcome 
at later time points (MacKinnon, Fairchild, Fritz, 2007). Furthermore, given the number of 
variables in the current models, no possible confounder variables were included to avoid false-
positive report likelihood (Simmons, Nelson, & Simonsohn, 2011). Although decoding and 
phonological awareness are the main prerequisited reading skills for reading comprehension 
in second grade, other facilitative skills such as vocabulary and listening comprehension 
were not included in our model (Verhoeven, Van Leeuwe, & Vermeer, 2011; Perfetti, Landi, & 
Oakhill, 2005; Kendeou, Van den Broek, White, & Lynch, 2009). 
Despite these limitations, the present study demonstrates that there is a crucial role to 
early reading development for both attentional and action control. Future research should 
therefore be devoted to further unravel the role of both types of executive control to early 
reading development. Reciprocal effects of reading abilities with executive control might 
enrich the current insights (e.g., Metcalfe, Harvey, & Laws, 2013). For example, Hirvonen et 
al. (2010) studied the relation of task-focused behavior to reading from first grade to fourth-
grade, and found that reading failures in time reduced task-focused behavior. Furthermore, 
as this study was carried out in a highly transparent orthography, more research is needed 
to find out whether these results can be generalized to more opaque orthographies (see 
Georgiou, Parilla, & Papadopoulus, 2008; Hirvonen et al., 2010). Third, given the crucial 
role to reading of executive control in kindergarten, interventions can be developed that 
explicitly engage attentional and action control during phonological awareness interventions.
To summarize, attentional and action control are both important types of executive control 
for reading development: attentional control to become aware of the structural features of a 
language and to control information monitoring while reading, and action control to empower 
task-focused behavior during early reading instruction in class. The mediation effects show that 
both attentional and action control in kindergarten influence phonological awareness in such 
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a way that it functions as a hallmark to subsequent reading abilities. Theoretically, our results 
further identify the role of different types of executive control to early reading development by 
longitudinally examining indirect contributions via multiple prior and concurrent reading skills, 
and by incorporating different types of executive control, also at all time points. Practically, 
our results make it clear that – next to early reading abilities - special attention should be 
paid to the development and stimulation of kindergarten control of attention and action, to 
create the necessary stepping stones for successful academic achievements at formal primary 
education.
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 Chapter 4
The role of executive control in young 
 children’s computer gaming behavior
This chapter is based on: Van de Sande, E., Segers, E., & Verhoeven, L. (2015). 
The role of executive control in young children's serious gaming behavior. 
Computers & Education, 82, 432 - 441.
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AbstrACt
The present study examined (1) how executive control contributed to in-game behaviors in 
young children while playing a serious computer game, (2) whether the levels of control changed 
when the game was played repeatedly, and (3) how the first experience with the game mediated 
the role of executive control to in-game behaviors when the game was repeated. Attentional 
and action control were directly assessed in 106 kindergartners, who played a single-leveled 
computer game twice. During their gameplay, the following behaviors were registered: time, 
number of scaffolds needed, mistakes, verbal expressions, questions, irrelevant game activities 
(drawings), and off-task behavior. The results for the first game round showed that time, 
expressions, and the need for scaffolds were predicted by attentional control. In the second 
round, a strong role for action control was found to overcome off-task behavior and irrelevant 
drawings. Verbal expressiveness was again influenced by attentional control. Moreover, mediation 
effects of attentional control to efficient in-game behaviors in the second gameplay were 
evidenced via scaffolding and expressiveness in the first gameplay. It is concluded that in new 
serious games children’s attentional control contributes to formulating strategies and problem- 
solving, while their action control underlies sustained and goal-directed learning over time. 
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Introduction
Gamification in education opens up an interactive and open environment that allows children 
to be more in control of their learning paths. Although this constructivist type of learning can 
enhance motivation, it also demands more autonomous learning. This can lead to less efficient 
task behavior (Bavelier et al., 2011; Ketamo & Kiili, 2010). The reason is that the nature of serious 
computer games requires high monitoring to formulate game strategies and to maintain engaged 
learning over time, especially during repetitive plays (Bavelier et al., 2011). Indeed, despite 
proven gains to the enhancement of problem-solving abilities, social-emotional behavior, 
and vocabulary (Granic, Lobel, & Engels, 2014), the effects of serious games do not always fit 
the initially high expectations (Falloon, 2013; Klein, Nir-Gal, & Darom, 2000). Self-initiated and 
constructive learning thus places a heavy burden on executive control, especially in young 
children whose prefrontal cortexes have not yet matured (Ramscar & Gitcho, 2007). To ensure 
effective game designs, insights into the contributions of executive control in young children 
playing serious games over the course of time are necessary (Karle, 2011). Therefore, the 
current study examines how different types of executive control (i.e., attentional and action 
control) uniquely foster in-game behaviors while playing with a serious game, how these 
behavioral patterns change over the course of two repetitive games, and how the first game 
experience mediates the role of attentional and action control to follow-up gaming behavior. 
Computer games are flooding the educational market, which makes it favorable to embed 
educational goals in them (Girard, Ecalle, & Magnant, 2012). Serious games provide such an 
opportunity. They are designed with a focus on learning goals like problem-solving, vocabulary, 
and social-emotional skills. These games provide children with simulations of daily routines 
and social interactions in a playful context, which allows them to experience new words and 
social-emotional skills in a safe and amusing environment (Susi, Johannesson, & Backlund, 2007). 
Moreover, the interactivity and autonomous choices within serious games enhance children’s 
feelings of control in their learning, enlarging motivation and engagement (Girard, Ecalle, & 
Magnat, 2012; Granic et al., 2014). However, little of what is claimed to be educationally effective 
is rooted in empirical theory (Bavelier et al., 2011; Ennemoser, 2009; Kiili & Ketamo, 2007). 
A multimodal gaming environment requires executive control capacities such as working 
memory and inhibition (Karle, 2011; Mayer, 2001; Moons & De Backer, 2013). Young children with 
low working memory have shown difficulty in complex activities like storytelling and 
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understanding visual representations (Gathercole, Lamont, & Alloway, 2006). Moreover, playing 
serious games requires a great deal of independent learning which calls on substantial 
cognitive load to overcome off-task fidgeting and irrelevant mouse actions (Plass, Moreno, 
& Brucken, 2010). It is thus likely that executive control is strongly demanded for both the 
monitoring of information and sustaining effective gaming behavior (Bavelier, Green, 
Schrater, & Pouget, 2012). However, the role of executive control in serious gaming is far from 
clear. Although one study has shown associations between the attentional level of executive 
control and serious gaming, that study highlights the endpoint of computer attainment but 
no insights into executive control requirements while playing (Dye, Green, & Bavelier, 2009). 
  
Unfortunately, the online demands of young children’s executive control while playing serious 
games have also hardly been investigated (Granic et al., 2014; Watt, 2009). A few studies 
on another type of educational software, drill-and-practice games, have shown that children 
low in executive control have difficulties with planning and choosing the right steps with 
fewer to no learning gains as a result. These children made more mistakes, took more time to 
succeed, and showed more irrelevant mouse clicking (Kegel, Van der Kooij-Hofland, & Bus, 2009; 
De Koning-Veenstra, Timmerman, Van Geert, & Van der Meulen, 2014). Given that drill-and- 
practice games provide more guidance than serious games, it is easy to assume that demands 
to children’s executive control in serious games are even higher.
  
Moreover, multiple levels of executive control may simultaneously be required to support 
in-game behaviors, given the internal task demands as well as the urge to inhibit external 
inclinations that lead to off-task behavior (Cartwright, 2012). Executive control both on the 
attentional level and action level is needed to monitor the information in a multimodal 
learning environment and to simultaneously sustain goal-directed behavior (Diamond, 2013; 
Cartwright, 2012). Attentional control (also referred to as cognitive inhibition) enhances the 
formation of problem-solving strategies, formulating strategies through private speech, and 
efficient filtering of irrelevant information (Fernyhough & Fradley, 2005; Shaw, Grayson, & 
Lewis, 2005; Tran & Subrahmanyam, 2013). Veenstra, Van Geert, and Van der Meulen (2012), 
for example, showed that young children with attentional deficits made more errors and had 
more difficulty in switching strategies after instructive feedback when playing with learning-
to-learn computer games. And action control (also called behavioral inhibition) helps children 
to inhibit random motor behaviors and to overcome off-task fidgeting (Kegel, Van der Kooy-
Hofland, & Bus, 2009). Young children with higher levels of action control show more adaptive 
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behaviors and engaged work habits (Rimm-Kaufman, Curby, Grimm, Nathanson, & Brock, 
2009). They are also more self-directed and better able to stay in their seats during (endured) 
task performance (Ponitz, McClelland, Matthews, & Morrison, 2009; Diamond, 2013). In a 
study by Kegel, Van der Kooy-Hofland, and Bus (2009) on kindergartners’ mouse behavior, 
the researchers found that less action control resulted in more errors and irrelevant mouse 
clickings resulting in less learning gains.  
 
Executive control is also demanded to stay engaged when repeating the game, which is 
necessary to learn from the game. When children master games, they likely know where to 
put their attention in the game (see Karle, Watter, & Sheddon [2010] for a study with students). 
This might diminish the challenge with likely less engagement and game flow (Kiili, 2007). Kiili 
and Ketamo (2007) found that 40% of a group of kindergartners stopped reflecting upon the 
game strategies soon after they started playing. Such metacognitive activities are likely to be 
strongly influenced by attentional control. 
 
Contrarily, the role of action control might increase during repeated gameplay to overcome 
distractive behavior caused by the diminished challenge (Alloway, Gathercole, Kirkwood, & 
Elliott, 2009; Booren, Downer, & Vitiello, 2012). De Koning-Veenstra et al. (2014) showed that 
34% of a group of preschoolers had decreased effectiveness in their learning behaviors over 
the course of two to three sessions of games that targeted cognitive skills, as shown by more 
uninhibited mouse clicks. However, no direct action control assessments were included in the 
study. 
Detailed explanations of the role of attentional and action control in serious games can only 
be found in the online interactions while playing. Unfortunately, studies on this topic either 
have focused on interactions of executive control with outcome measures or have examined 
mouse behaviors of drill-and-practice games with no direct assessments of attentional and 
action control. Moreover, very little is known about how game behaviors develop over time. 
Studies on this topic generally involve the presence of behaviors in single games that are 
new to the children (Booren et al., 2012; Saine, Lerkkanen, Ahone, Tolvanen, & Lyytinen, 
2011). To date, to our knowledge, no empirical insight into how attentional and action 
control foster sustained learning behavior during lengthy and familiar game settings exists. 
The present study is the first to examine how attentional and action control benefit the in-
game behaviors of young children while playing a serious game. Moreover, we investigated 
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whether the demands of both levels of executive control in in-game behaviors differed when 
the game was new versus familiar. We let 106 children play a serious game twice and tracked 
their in-game behaviors during those gameplays. We registered the scaffolds that children 
needed to solve the tasks, the time to succeed, and the number of mistakes. Vocal expressions, 
such as reasoning and engaged sounds, were also counted. Furthermore, off-task behaviors 
and questions were registered, as well as irrelevant extra mouse actions.For all these behaviors, 
we investigated their relationship with attentional and action control. Specifically, we 
addressed three research questions: 
1. What are the unique contributions of attentional and action control to in-game behaviors 
    while working with a new serious game? 
We expected attentional control to enable the monitoring of new task demands, as shown by 
a relationship with fewer scaffolds, less game time (ie., more efficient gameplay), fewer mistakes 
and questions, and more vocal expressiveness. In addition, we expected action control to help 
in overcoming random mouse clicking and off-screen fidgeting, as shown by less extra irrelevant 
drawings and fewer off-task behaviors.
2.  What are the unique contributions of attentional and action control to the in-game behaviors 
    when the game is more familiar? 
Given the single-level nature of the game we selected, we expected that challenges in the 
second game round would be monitored more easily, resulting in lower demands to attentional 
control. Contrarily, the diminished challenges were expected to be at the expense of children’s 
engagement, resulting in less expressiveness and more difficulty to overcome off-task 
behavior such as mouse fidgeting. Thus, higher demands of action control were expected. 
3. To what extent is the role of attentional control to in-game behaviors in the second 
    gameplay mediated by experiences in the first gameplay? 
Attentional control was expected to continue contributing to the in-game behaviors during the 
second time the children played but only mediated via their experiences in the first gameplay. 
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Method
Participants
This study was a subset of another study for which a proportion of children were randomly 
selected per class. All parents gave consent for their children’s participation. Of the children, 
50 were girls and 56 were boys. These 106 children were approximately six years of age and 
in their second year of kindergarten (M = 6;2, SD = 0;3, ranging from 5;5 years to 7;3 years). 
All children were native Dutch and generally came from middle socioeconomic backgrounds. 
Design
A formative design was used to examine the role of attentional and action control to serious 
gaming behavior. All children played the serious game twice. The second game round was 
played directly after the first game with no break inbetween. On average, children crossed 
three tasks that were necessary to succeed in the game, but more types of tasks are embedded 
in the game. Thus, children generally would get new tasks within the same storyline when 
playing for the second time. To ensure ecologically valid data collection, the tasks were 
assigned randomly to the children.
 
The serious game My Name Is Hare [Mijn Naam is Haas]
The serious game My Name Is Hare (www.mijnnaamishaas.nl) provides children ages three to 
seven with a playful and interactive learning environment (Schuurs, 2012; Segers, 2009). This 
serious game has one storyline in which children have to solve problems and can also initiate 
co-creation of the world of the character Hare (see Figure 1 on the next page). 
The serious game involves a story about Hare, a hare that smells a nice odor and goes on an 
adventure to search the odor’s source. On his quest, Hare crosses numerous animals with 
problems (the tasks). To solve these tasks, elements have to be created in the story with a 
paintbrush, the computer mouse. With this paintbrush children can create lines by pressing 
and releasing the mouse. These lines then transform into drawings, according to the size of 
the line (from small to big), its place (under or on the ground, in the sky) and its direction 
(horizontal, vertical, diagonal). The children have to succeed in these tasks before Hare 
can continue on his quest. Children can also draw extra elements in the story to co-create 
Hare’s world, but these are irrelevant to succeed in the game. 
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The game includes adaptive interactions with the child. The animals and Hare give scaffolds 
that become more concrete over time, according to the number of efforts and mistakes the 
children make. Thus, the more scaffolds the children receive, the more specific the help from 
the game becomes. 
Figure 1. Screenshots from the game My Name is Hare. The two screenshots on the left 
represent two types of the tasks in the game: (1) drawing the road and (2) creating a forest for 
a wild pig. The two screenshot on the right represent (3) process and (4) result of the creation 
of random elements. Reprinted with permission from Mijnnaamishaas.nl.
Measures
In-game behaviors. A strict observation protocol was assessed to establish in-game behaviors. 
The protocol was designed for the purposes of the current study and was based on previous 
empirically observed relations of executive control to beneficial and unbeneficial (computer) 
task behaviors (e.g., Diamond, 2013; Gathercole et al., 2006; Kegel et al., 2009; Kiili & Ketamo, 
2007; De Koning-Veenstra et al., 2014). Categories were defined in a concrete and clear-cut 
way so that interpretation bias was avoided. The variables that were included in the protocol 
are summarized in Table 1.
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Time
Expressions
Questions
Off-task
Extra drawings (types)
Scaffolds
Mistakes
The time the children took to finish the game.
Number of vocal expressions of the child.
Number of questions and expressions of uncertainty  
to the experimenter.
Number of indications that a child physically showed a  
lost of focus to the game, such as looking away.
Number of drawing types to create extra elements in  
the game. These elements were not relevant to succeed 
in the game.
The number of in-game scaffolds that children  
needed before they solved the tasks.  
Scaffolds increased in specificity of information.
The number of incorrect solutions that the children  
drew, either by an incorrectly formulated solution or by  
an incorrect placing of the lines to create the solution.
Variable Description
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Table 1. In-game behaviors that were included in the observation protocol.
For both games the children played, on-screen activity was recorded with Camtasia©. A 
random selection of ten percent was observed by another scientist coder who was not involved 
in the study. After brief training, she independently annotated the behavioral categories that 
could be observed via the on-screen activity of the first and second gameplay (i.e., time, 
scaffolds, mistakes, extra drawings). Two-way random intraclass correlation coefficients with 
consistency calculations all indicated good to high interrater reliability. Interrater reliability for 
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the variables in the first gameplay was: ICC Time: .87, p < .001; ICC Scaffolds: .77, p < .01; 
ICC Mistakes: .74, p < .01; ICC drawings: .74, p < .01. For the second gameplay, they were: 
ICC Time: .75, p < .001, ICC drawings: .96, p < .001. The number of mistakes and scaffolds for 
the second gameplay could not be calculated as they reached floor scores in the selection of 
the recorded activities (highest M for mistakes = .04, SD = .13; highest M for scaffolds over the 
three tasks = 3.33, SD = .50).
 
Executive control
For a direct mapping of executive control to in-game behaviors, we assessed attentional and 
action control with computer tasks as well. Flanker Fish was used for attentional control and 
Hearts & Flowers for action control (Diamond, 2013; Rueda, Posner, & Rothbart, 2005; Van de 
Sande, Segers, & Verhoeven, 2013). Both tasks had three blocks with different game rules: 
congruent, incongruent, and mixed. All the items had a restricted presentation time of 2000 
ms. for Flanker Fish and 1500 ms. for Hearts & Flowers. Items that were responded to in 
less than 200 milliseconds following stimulus onset were deleted because of the high risk 
of inhibitory failures (see Shing, Lindenberger, Diamond, Li, & Davidson, 2010). For Flanker 
Fish, this resulted in a removal of 19.45 percent and for Hearts & Flowers in a removal of 2.67 
percent. All other stimuli that were correctly responded to were assigned a score of one. 
 
Attentional control. Flanker Fish demanded attentional control by having children pay special 
attention to some features of the stimuli while inhibiting others and to flexibly switch between 
these features (Diamond, Barnett, Thomas, & Munro, 2007; Rueda, Posner, & Rothbart, 2005). 
Hungry fish had to be fed by pressing a marked button on the same side the hungry fish were 
facing (left or right). This fish was generally accompanied by four other fish that together 
appeared in three possible combinations. The middle fish swam on the opposite side from 
the flankers, all fish swam in the same side, or the stimuli fish swam alone. In the first block, 
the fish were blue and the hungry fish was in the middle. The children thus had to inhibit 
their tendency to pay attention to the flanker fish. In the second block, the fish were pink, 
and the flanker fish were hungry. In block three, blue and pink fish appeared in turns and 
the children had to switch between the rules that applied to the colors. There were sixteen 
items in the first and second blocks, and 44 items in the third block (Cronbach’s α = .90). 
Action control. In the Hearts & Flowers task, children were elicited an action response of 
pressing a button, which had to be inhibited and replaced by a less salient opposite motor 
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response (Davidson, Amso, Anderson, & Diamond, 2006). A heart or flower appeared left or 
right of the screen, in three blocks with different game rules. The first block included the heart 
trials. The children were asked to press the button on the same side of the heart. This 
block showed ceiling effects (M = 12.83, SD = 1.59) and was therefore omitted. The second 
block included flower trials, for which the children were asked to press the opposite button. In 
the third block, hearts and flowers were alternated. There were twelve items in the second 
block and 32 items in the third block (Cronbach’s α = .81).
Aggregated executive control measures.
A Principal Component Analysis with Oblimin Rotation was conducted to ensure that the tasks 
tapped the two distinct levels of executive control as previously shown. Factor 1 (attentional 
control) showed high loadings (.71 - .84) on the items from the Flanker Fish task and explained 
46.67 % of the variance. Factor 2 (action control) showed high loadings (.78 - .88) on the items 
from the Hearts & Flowers task and explained 20.28 % of the variance. These Oblimin factor 
scores were used for the analyses. 
 
Procedure
Each child was tested individually in a quiet place at school, where only the child and 
experimenter were present. Measurements were conducted in spring and were divided into 
two sessions of approximately fifteen minutes. The children first performed the assessment 
for attentional control followed by action control. During the second session, the children 
played the game twice. A general instruction was given about how to create elements with 
the paint brush, but no information was given about the tasks or the storyline of the game. 
If there were no further questions, the experimenter started the screen recorder and the game 
and sat further back outside of the children’s sight. 
Data analyses
Structural Equation Models with Lisrel 8.54 (Jöreskog & Sörbom, 2003) were conducted to 
analyze the unique contributions of attentional and action control to the correlated in-game 
behaviors. First, simplex models were undertaken to test the contributions of attentional and 
action control while playing the first game (model 1) and the second game (model 2). These 
models were then integrated to test the unique and simultaneous effects of both control 
levels and to formally examine the mediated effects. In testing these models, the paths that 
were above the p-level of < .05 were excluded. Using the Maximum Likelihood Estimation 
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method, we tested four indices of the model fit: Chi-square (χ2), Root Mean Square of 
Approximation (RMSEA), Comparative Fit Index (CFI), and Goodness of Fit Index (GFI). A non-
significant chi-square closer to the degrees of freedom indicated a stronger fit. An RMSEA < 
.08 indicated an acceptable fit and < .06 a strong fit. CFI and GFI should exceed .90 (Browne 
& Cudeck, 1993; Hu & Bentler, 1999; Tabachnick & Fidell, 2001).  
 
Because the games were offered randomly to the children, few children played a game with 
two or four instead of the generally three tasks. We controlled for this by averaging the ongoing 
game behaviors such as off-task behavior and expressions per minute. The total game time was 
divided by the number of tasks. Furthermore, to ensure that all children had an equal number 
of tasks with regard to the scaffolds they needed, only the first three tasks were included. 
Results
Descriptive statistics and repeated measures for in-game behaviors
Table 2 shows the descriptive statistics for attentional control and action control. Repeated 
measure ANOVAs of the in-game behaviors were conducted to check for changes over the 
course of the two games. The results are depicted in Table 3.
The tables suggest that children generally were better in solving tasks independently when 
they became familiar with the game, as shown by the strong decrease in the number of 
scaffolds in the second gameplay. Little mistakes were made in the first game, and even fewer 
during the second game. Expressiveness was high initially and slightly increased over the 
course of the two games. Furthermore, while some children had questions during the first 
time they played, virtually no questions were asked during the second gameplay. Table 2 
also shows that initially not many extra (diverse) elements were created, but much more were 
created when the children played the game for the second time. 
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Variable     M SD Min Max
Attentional control
Block 1
Block 2
Block 3
Action control
Block 2
Block 3
52.24
12.74
11.02
28.48
36.48
10.39
26.09
11.76
3.11
3.76
7.49
5.92
2.07
4.74
24
5
1
13
15
0
13
72
16
16
43
44
12
32
Note. Sumscores are reported for attentional and action control here for clarity, but Oblimin factor scores on 
standardized values per block were used in the analyses.
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Table 2. Descriptives for attentional control and action control (N = 109).
Correlations between the behaviors in games 1 and 2 and with attentional 
and action control
Table 4 shows the correlations between attentional control, action control, and in-game 
behaviors. The correlations within the in-game behaviors during the first gameplay show that 
less playing time was associated with fewer scaffolds and mistakes. Time was negatively 
correlated with the number of expressions and extra drawings. Moreover, the number of 
scaffolds correlated positively to questions and off-task behaviors. Overall, consistent 
correlation patterns were established within the second gameplay. Furthermore, the increase 
in random drawings now also correlated with off-task behaviors.
 
Regarding the correlations of in-game behaviors with attentional and action control, different 
patterns were shown for the first and second gameplay. Time, number of scaffolds, and 
expressiveness correlated with attentional control in the first gameplay. There were no 
correlations with action control in the first gameplay, but in the second gameplay it correlated 
with extra random drawings and off-task behaviors.
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Game behavior
Time
Scaffolds
Mistakes
Expressions
Questions
Extra drawings
Off-task
3.32
5.57
0.15
1.18
0.26
0.98
0.46
1.00
1.75
0.25
1.47
0.34
1.19
0.53
2.78
4.24
0.08
1.43
0.13
1.40
0.48
0.79
1.33
0.15
1.70
0.26
2.07
0.61
25.90**
54.51**
8.97**
5.78*
26.30**
5.94* 
0.06
.20
.36
.08
.05
.20
.06
.00
Notes. ** p < .01, * p < .05. Time in minutes is averaged over the number of tasks. Number of scaffolds that were 
analysed concerned the first three tasks. The other behaviors were averaged per minute. 
Mean 
game 1
SD 
game 1
Mean 
game 2
SD 
game 2 F
η2
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Table 3. Descriptives and repeated ANOVAs for the in-game behaviors (df = 1, 98 - 105).
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attentional  
control scaffolds
expressions
time
-.37
-.40
-.24
-.37
Note. All paths that are displayed are significant at p < .05.
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Modeling the role of attentional and action control to in-game behaviors in 
the first and second games
To explore the unique and mediated contributions of attentional and action control to the 
gaming behaviors, standardized path coefficients were calculated on correlation matrices with 
Lisrel 8.54 (Jöreskog & Sörbom, 2003). Only the in-game behaviors that correlated with 
attentional or action control were included in the predictive models. Thus, in the first step a 
model was calculated to test the contributions of attentional control to time, scaffolds, and 
expressions during the first game. This model showed a strong fit (Figure 2): χ2 (2) = 1.94, 
p = .38, RMSEA = .000, CFI = 1.00, and GFI = 0.99. 
Figure 2. Standardized path coefficients for contributions of attentional control to in-game 
behaviors in the first game-play.
 
The model for the second gameplay was formally tested in the second step (Figure 3). 
This model also indicated a strong model fit: χ2 (3) = 3.21, p = .36, RMSEA = .03, CFI = 1.00, 
and GFI = 0.99. It showed different contributions of attentional and action control compared 
to the model for the new game. Action control was now demanded to overcome ongoing 
unbeneficial behaviors. 
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Figure 3. Standardized path coefficients for contributions of attentional control to in-game 
behaviors in the second game-play.
Step three was to test the simultaneous and mediated roles of executive control over the course 
of both gameplays. Both models were integrated, and mediation effects of attentional control 
in the second gameplay via the first gameplay were formally tested. The fit of this final model 
was stronger than for the simplex models (Table 5): χ2 (22) = 19.55, p = .61, RMSEA = .00, CFI 
= 1.00, and GFI = 0.96). The final model is depicted in Figure 4, and the mediation effects of 
attentional control to the second gameplay via performance in the first gameplay are shown 
in Table 6.
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       Model    χ2          df          p          RMSEA          CFI          GFI
Simplex model: game 1 (figure 2) 
Simplex model: game 2 (figure 3)
Final model: game 1 and 2 (figure 4)
52.24
12.74
11.02
11.76
3.11
3.76
24
5
1
72
16
16
72
16
16
72
16
16
Note. Sumscores are reported for attentional and action control here for clarity, but Oblimin factor scores on 
standardized values per block were used in the analyses.
Attentional control
in game 1
Attentional control
in game 1
Time
Scaffolds
Expressions
-.37** 
-.24**
.37**
-
-.09*
   .30**
Notes. **p < .01, * p < .05, - = n.a.
β βVariable
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Table 5. Model fit indices for the simplex models of game behaviors in session 1 and 2, 
and for the final model with the two subsequent sessions.
Table 6. Standardized direct effects of attentional control to game 1 and indirect effects to 
game 2 via game 1.
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The final model shows the unique role of attentional and action control to in-game behaviors 
when a serious game transforms from a new challenge to a more familiar game. This model 
makes it clear that attentional control is demanded to independently and efficiently succeed 
in new tasks the first time the children played, while action control becomes relevant to inhibit 
inefficient behaviors when the game is known. Moreover, mediation effects of attentional control 
to the behaviors in the second gameplay were evidenced via scaffolding and expressiveness 
in the first gameplay (Table 3). Thus, in general, attentional control directly contributes to the 
new task activities that are necessary to succeed in the game, while action control helps to 
overcome inefficient self-initiated behaviors when the game is more familiar. 
Discussion and conclusion
The goal of the present study was threefold: (1) to examine how two main levels of executive 
control, attentional and action control, fostered in-game behaviors in young children while 
they played with a new serious game; (2) to investigate whether the role of both control levels 
changed when the game was played repeatedly; (3) how the in-game experience of the first 
game mediated the role of attentional and action control to repeated gameplay. Following a 
strict observation protocol, we registered time, scaffolds needed (problem-solving), mistakes, 
expressions, questions, extra drawings (self-initiated irrelevant game activities), and off-task 
behaviors, and related it to direct computer measures of children’s attentional and action 
control. 
Regarding the first research question, the results are fully commensurate with our expectation 
about the role of attentional control. Children with higher levels of attentional control 
succeeded faster and needed fewer scaffolds. Moreover, these children showed more vocal 
expressiveness. These results suggest that attentional control contributes to efficient task 
performance and are in line with other studies that have shown effects to time and problem-
solving behavior in other educational tasks (e.g., Diamond, 2013; Gathercole et al., 2006). 
For expressiveness as well, studies have shown the relationships of attentional control with 
more thinking-out-loud actions and utterances of engagement (e.g., Fuhs & Day, 2011). 
Action control, surprisingly, did not contribute to on-task behaviors during the first game. This 
result seems to be at odds with the findings by Kegel et al. (2009), who showed that action control 
helped to overcome random irrelevant mouse clicking while kindergartners played computer 
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games. However, they related action control to a sum score of mouse actions over fifteen 
sessions of drill-and-practice games. The current study disentangled behavioral processes 
between new and subsequent gameplays and involved a serious game that had a more 
self-controlled and interactive nature. A tentative conclusion could therefore be that the 
autonomous and exploratory nature of serious games can engage young children for relatively 
long intervals before they tend to go off task. 
A second aim of the study was to examine whether the role of both types of executive control 
would change when the serious game became more familiar. Indeed, the structural models for 
the new and repeated play showed prominent differences in the role of both levels of executive 
control. The relationship of attentional control with time and scaffolds vanished. This result 
suggests that children high in attentional control might have mastered the strategy of the 
game already during the first game, which diminished the attentional capacities to problem-
solve but still helped them to maintain a goal-directed path. The fact that the game could be 
mastered quickly was also shown by an overall small number of questions and mistakes and 
a strong decrease of scaffolds from the first to the second gameplay. In games that do not 
induce continuous formation of strategies and reflective thinking, children likely just operate 
rather than critically reflect upon their initially formed strategy which results in little active 
attentional control (Kiili, 2007). Contrarily, an important role for action control was established 
during the second gameplay to sustain engaged behavior. It helped to inhibit irrelevant 
mouse behaviors and looking away from the screen. The present study thus suggests that 
action control contributes to beneficial behaviors when the game becomes less compelling. 
For the third aim of the present study, we found that the role of attentional control in problem-
solving in the second game was mediated by the children’s experience during the first game. 
These mediation effects showed that they still used their task experiences while playing the 
second time. Secondly, the strongest model fit was established for the mediated model that 
included the game trajectory over both games. Given this increased fit and the differential 
models for new and repeated play, these results imply that executive demands indeed change 
over time and that time trajectories should be taken into account when examining the role 
of executive control in gaming. The few studies that have been done on executive control 
and drill-and-practice gaming generally considered a composite score over time (e.g., Kegel 
et al., 2009) and mainly inferred executive control from mouse behavior profiles (De Koning-
Veenstra et al., 2014). 
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The differential role of attentional and action control also adds to the methodological discussion 
about the unidimensionality of executive function assessments in young children. Miyake, 
Friedman, Emerson, Witzki, and Howerter (2000) showed that the core executive functions 
of inhibition, working memory, and cognitive flexibility contribute differently to varying higher-
order domains of executive control. Moreover, Garon, Bryson, and Smith (2008) stated that 
“purer measures of executive functions” are assumed when using latent variables of their 
instruments (p. 32). Our results fit well with these statements as the cluster analyses, moderate 
correlations between the tasks, and the differential results from both levels showed that the 
tasks indeed were clustered in distinct higher-order domains. Previous studies suggest that 
these domains are attentional and action control (Rueda et al., 2005; Van de Sande et al., 2013). 
The results of this study should be interpreted with some limitations. To begin with, the 
repetitive design can be challenged. Because games are often played over longer time periods, 
we let the children play the second game directly after the first game. However, this may have 
lead to depletion, and future research should therefore examine whether the same patterns 
of behavior occur when children play the game repeatedly with a resting break in between. 
Furthermore, we did not include pre- and post-measurements, while such measures would 
have provided the opportunity to relate the in-game behaviors to learning gains. This calls for 
follow-up studies in which individual learning gains of serious gaming can be assessed. 
Finally, the objective counting of the vocal expressions can be questioned. Since we did not 
distinguish between different types of expressions as these involved interpretation issues, 
caution is required in interpreting the results from this variable.
 
Many new ideas can be generated from the present study. The strong relationship between 
attentional control and expressiveness raises questions about verbalizations that could foster 
processing. Future studies could annotate the vocal expressions to unravel these mechanisms. 
Secondly, game sessions could be repeated more often to further investigate the changing 
role of executive control to behaviors over time. 
Moreover, similar research designs of games with increasing challenges and with different types 
of educational software could broaden the insights about the role of executive control in other 
contemporary forms of education and how these might differ in more- versus less-controlled 
learning contexts. Furthermore, intervention studies could be designed in which support is 
provided to keep executive control processes active. Given the strong relationship of attentional 
100 101
Executive control in children’s computer gaming behavior
control with expressiveness and the use of scaffolding, suggestions could be found in peer-
learning or embedded avatars in educational technology that can scaffold children’s learning 
paths (e.g., King, Staffieri, & Adelgais, 1998; Vagnes, Økland, & Krumsvik, 2012).
 
To summarize, the present study examined the role of executive control in serious gaming, by 
including different levels of executive control, multiple in-game behaviors, and effects in both 
new and familiar gameplays. We found that attentional control contributes to formulating 
strategies and succeeding in new games, while action control underlays sustained and goal-
directed learning in repeated gameplay. From a theoretical point of view, this study is the first 
to examine the role of attentional and action control in gaming behaviors and indicates that 
there are crucial roles of different types of executive control in effective serious gaming that 
should be further unraveled. Moreover, it refines general insights about the contributions of 
executive control to early educational tasks by involving different types of learning behavior and 
different levels of executive control. Practically, our results show that serious games should be 
designed with continuously increasing and triggering challenges and should avoid too many 
extra possibilities that could distract children from the goal. They also emphasize the urge to 
minimize the spacious gap between the countless possibilities for game designers and the rare 
empirical knowledge about which of these ensure effective learning (see Granic et al., 2014; Kiili 
& Ketamo, 2007). By bridging this gap, serious games can have serious educational benefits. 
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AbstrACt
The present study examined how embedded activities to support executive functions helped 
children to benefit from a computer intervention that targeted preliteracy skills. Three intervention 
groups were compared on their preliteracy gains in a randomized controlled trial design: an 
experimental group that worked with literacy software with embedded executive-functioning 
support (EL+EF group), an experimental group that worked with the same software without the 
explicit EF-support (EL group), and a control group that played with language discovery games 
from the same software. These groups were contrasted on their preliteracy progress over time 
and on their learning behaviors while working with the software. Results showed that children 
in the two experimental groups progressed more in preliteracy skills on the long-term, with 
the EL+EF group showing the highest learning effects. These results were driven by the children 
with lower levels of EFs. Moreover, children in the EL+EF group showed more independent 
behavior, played more games and made less errors than children in the EL group. These results 
indicate that young children can show more effective learning behaviors during computer 
interventions when their executive functions are kept active. This, in turn, can result in behavioral 
internalization that leads to higher learning gains over time.
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Introduction
Helping children to develop their preliteracy skills in kindergarten facilitates their formal 
literacy development. Computer programs have shown to be effective tools for promoting 
these skills, although not all children benefit equally from them (Bus & Van IJzendoorn, 1999; 
Ehri et al., 2001; Tamim et al., 2011). Effect sizes are generally moderate to low, likely due to 
the independent and complex learning that they require. Such learning places high loads on 
the executive functions (EFs) of these young children (Van de Sande, Segers, & Verhoeven, 
2015). Previous research has shown that especially children with lower levels of EFs are less 
engaged in software to stimulate preliteracy, with less learning gains as a result (Kegel, Van der 
Kooij-Hofland, & Bus, 2009). However, these are exactly the children that need the extra 
practice most, to avoid cascadic learning gaps over time (Stanovich, 1986). The current study 
therefore examined an intervention to playfully support EFs while working with educational 
software, to help children keeping engaged and benefit more from the exercises. Moreover, 
it investigated whether children with different levels of EFs benefit equally from the intervention. 
Both learning effects and online computer behaviors were examined. 
Stimulating preliteracy skills with the computer
Phonological awareness and letter knowledge are among the major prerequisites for literacy 
development. They enable the reflection of the sound structures in spoken language and the 
connection to the graphemes they represent (Bradley & Bryant, 1983; Melby-Lervåg, Lyster, 
& Hulme, 2012; Wagner & Torgesen, 1987). Computer interventions can be valuable tools to 
stimulate these skills, as they can provide individualized exercises and immediate and adaptive 
feedback (Blackwell, Lauricella, Wartella, Robb, & Schomburg, 2013; Ihmeideh, 2014). A 
quantitative meta-analysis by Ehri et al. (2001) showed that preliteracy interventions are most 
effective when letter instructions and phonological instructions are combined. These results 
are in line with the Phonological Linkage Hypothesis that states that letter instructions are 
most efficient when children get the direct opportunity to link the letters to their underlying 
phonological structure (Hatcher, Hulme, & Ellis, 1994; Schneider, Roth, & Ennemoser, 2000). 
Effects of such instructions have been evidenced in various kindergarten computer inter-
ventions (see Van Daal & Sandvik, 2013 for a review). Segers and Verhoeven (2005), for example, 
found that kindergartners that worked with a computer program that stimulated phonological 
and letter skills progressed more than a control group. These effects lasted over time, even 
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after four months of formal reading instruction in first grade. Moreover, positive relations were 
found between the time that children spent on the computer games and their progress in 
phonological and letter skills. Another example is a study by Van Der Kooy-Hofland, Bus, and 
Roskos (2012), who also tested a kindergarten computer program aimed at phonological skills. 
They showed that children low in preliteracy skills progressed stronger in phonological skills, 
but not in letter knowledge, compared to a control group. They also found retention effects 
two years later, suggesting that children with better baseline skills are better prepared to 
benefit from subsequent (pre)literacy training. 
Despite these positive effects, reviews have shown that not all computerized preliteracy 
programs have been successful and generally show only moderate effect sizes (Bus & Van 
IJzendoorn, 1999; Blok, Oostdam, Otter, & Overmaat, 2002). Poor EFs, such as inhibitory 
control and working memory, most likely are an inevitable antecedent of these moderate 
effects, given their strong relation with preliteracy skills (e.g., Foy & Mann, 2013; Van de 
Sande, Segers, Verhoeven, 2013), as well as with task-focused behavior (Alloway et al., 2009; 
Gathercole, Lamont, & Alloway, 2006).
Although the relation of EFs with young children’s computer behavior is still underexplored, 
some pioneer studies have begun to show how crucial EFs are for efficient computer learning 
behaviors. Veenstra, Van Geert, and Van der Meulen (2012) evidenced that young children 
with executive deficits had more difficulties with planning the right steps and made more 
errors and irrelevant mouse clicks. And Van de Sande, Segers, and Verhoeven (2015) showed 
that kindergarten EFs contributed to verbal strategy-formulation and independent learning 
(i.e., less help from the program). Moreover, they showed that higher EFs were associated 
with less off-task behavior and less irrelevant mouse clicks over time. This finding is important 
because task repetition is crucial for learning gains. 
A direct link of EFs and behavior to preliteracy gains from a computer program, to the best 
of our knowledge, have only been studied by Kegel et al. (2009). Their results indicated that 
kindergartners with lower levels of EFs showed more irrelevant random mouse clicks, spent 
more time on the games, and made more mistakes. These children also showed lower progress 
in phonological skills. 
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Helping children to support their EFs through embedded exercises
From the aforementioned literature, it can be hypothesized that reducing the demands on 
EFs may help children to overcome impulsive computer behaviors, and save mental space 
for more engaged and conscious learning instead (Alloway & Alloway, 2010; Holmes et al., 
2009; Kroesbergen Van ’t Noordende, & Kolkman, 2014). Embedded EF-supporting activities 
can help with regulating children’s learning behavior. Two interlinked activities that have 
shown effective are inserting short delays and verbal self-monitoring (Bodrova & Leong, 2007; 
Fernyhough & Fradley, 2005; Fuhs & Day, 2011; Simpson et al., 2012). Such activities provide 
children with longer response latencies to reduce the load on their first prepotent impulse and 
to formulate more self-regulated responses (Simpson et al., 2011; Diamond, 2013). Moreover, 
repeated practice with such EF-activities may lead to internalization over time, with stronger 
benefits on the long-term as well (Fuhs & Day, 2011; Holmes, Gathercole, & Dunning, 2009). 
With regard to inserting short delays, it has been shown that two types of responses are in 
race with each other when children are triggered by stimuli. These are rapid - yet transient - 
impulsive responses, and more slowly and effortfully computed answers. Taking a short delay 
generally leads to fading of the load of the impulsive response, which then becomes replaced 
by a more self-regulated response. This Passive Dissipation Model (Simpson et al., 2012) has 
been shown by many studies. Diamond, Kirkham, and Amso (2002), for example, compared 
six conditions to reduce inhibitory and/or memory load in an EF-task, and showed that young 
children’s performance increased most when they were provided with short delays between 
stimulus and response. No effects were found if the extra time was given before the stimuli 
were shown, which evidences that the interference between stimulus and response explained 
the effects. These dissipation effects were replicated in several other studies (e.g., Gerstadt, 
Hong, & Diamond, 1994; Simpson et al., 2012; and see Montgomery & Koeltzow, 2010).
With regard to verbal self-monitoring, this can be a helpful tool to structure task-relevant 
thoughts when formulating answers (Bodrova & Leong, 2007; Diamond et al., 2007; Harris, 
1990). Self-speech can function as a mediator to keep EFs active before these are further 
developed to the point that more self-regulated responses occur automatically (Meichenbaum, 
1976; Vygotsky, 1978). As such, it can facilitate the effortful response formulation that becomes 
salient when children stop and think before they act. The relation between young children’s 
self-speech and EFs has been recently shown by Fuhs and Day (2011), who evidenced that the 
verbal abilities of 4-to-6 year olds related to concurrent and half-year later development of 
112 113
Chapter 5
EFs. And Fernyhough and Fradley (2005) showed that self-speech can promote superior task 
performance in an EF-task. They asked 5- and 6- year olds to perform different versions of 
the executive task Tower of London, and showed positive relations of self-regulatory private 
speech with both the difficulty and the performance of the tasks. 
A combination of inserting delays and explicit support of verbal monitoring during these 
delays, to the best of our knowledge, has only been studied once. Diamond et al. (2007) tested 
a curriculum-wide intervention for preschoolers with an emphasis on executive functions and 
emergent literacy: Tools of the Mind (Bodrova & Leong, 2007). An important part of this 
curriculum was to help children take time before acting and use of self-speech to plan and 
problem-solve. Using these activities enhanced attention and engagement, resulting in 
positive relations with standardized posttest school-literacy measures at the end of the full-year 
intervention period. 
The present study
Although accumulating evidence exists that stresses the importance of supporting EFs 
through the use of short delays and verbal self-monitoring, very little research has been done 
on how to translate these insights to naturalistic educational settings (Diamond, 2013; Garon, 
Bryson, & Smith, 2008; Wass, 2015). Moreover, no such studies have been conducted in the 
learning context of educational software, while software has the potential to boost children’s 
academic skills in only brief periods of time when used properly (Kegel & Bus, 2012; Van Daal 
& Sandvik, 2013). 
Therefore, the present study aimed to examine the effectiveness of embedded EF-support 
in a computer program to ameliorate preliteracy skills. In particular, we embedded small 
exercises that activated children’s inhibitory control and verbal strategy-formation while 
children worked with software that targeted phonological awareness and letter knowledge. 
Each time before children needed to decide which of the multiple choices to select, they first 
explained their decision to a stuffed animal they held close to them. Following the Passive 
Dissipation Model (Diamond, 2013; Simpson et al., 2011), embedding these small delays was 
expected to help children inhibit their first prepotent responses, and show more conscious 
involvement with the preliteracy tasks instead. Moreover, having children explain why they 
choose their selected responses during these delays likely supported their conscious and 
self-regulated formulation of the response (Bodrova & Leong, 2007; Diamond et al., 2007; 
Vygotsky, 1978).   
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The task-behavior and literacy gains of the group that followed this intervention (EL+EF group) 
were contrasted to an experimental group of children that played the same literacy games 
without the embedded EF activities (EL group), as well as a control group that played with 
discovery games from the same software program (Control). We analyzed differences in 
preliteracy progress for children with different levels of EFs, as well as children’s behavior during 
the intervention that was registered with their logfiles. Our research questions were threefold:
1. What are the learning effects of a preliteracy computer intervention with versus without 
    embedded EF- support? 
We expected that children in both experimental groups would have higher preliteracy gains 
compared to the control group. Moreover, children in the EL+EF group were expected to have 
higher learning gains than the EL group.
 
2. What are differences in learning effects for children with high versus low EFs? 
Children with lower EFs were expected to benefit most from the activities to reduce the load on 
EFs, given that they would likely have more difficulty with the independent and complex 
learning tasks.
 
3. How do the EF-activities contribute to effective learning behavior?  
We expected that children in the EL+EF group would show more engaged behavior, as shown 
by higher scores, fewer mistakes and questions, faster game times, and more games in the 
same amount of time.
Method
Participants
A 101 children in kindergarten participated in the study, of which 50 were girls and 51 were boys. 
Their parents gave consent for their child to participate. The children in the study came from 
three schools and on average came from middle to middle-high socio-economic backgrounds 
(M = 0.86, SD = 0.90; scale from -7.25 to 3.19; Based on calculations of education, income 
and work status per zipcode as published by the Netherlands Institute for Social Research 
[Sociaal Cultureel Planbureau]. The children were in the second year of kindergarten (which 
is a two-year program in the Netherlands, prior to first grade) and approximately six years of 
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age (M =68.86 months, SD = 4.33, ranging from 57.51; months to 81.21 months). All children 
were within the range of normal nonverbal intelligence, as tested with the Raven Coloured 
Progressive Matrices (M = 21.96, SD = 4.55; Raven, 1976; Van Bon, 1986). All children spoke 
Dutch, and 8% spoke another language at home as well. From the initial sample of 107 
children, six participants were deleted from the dataset: two children because they missed 
half or more of the intervention sessions (number of sessions for the other children: M = 9.56. 
SD = .76), one child because he refused involvement in the intervention, and three children 
because they could already read fluently (i.e., more than 20 words per minute). 
Design
A randomized pretest-intervention-posttest-retention design was used to examine the effects 
of the intervention. Children were randomly assigned to one of two experimental groups or 
to a control group. One experimental group played with the computer games to stimulate 
phonological awareness and letter knowledge (EL group); one experimental group played 
with the same software with the embedded EF-supporting activities (EL+EF group); and one 
control group played with language discovery games from the same software. 
Intervention materials
Preliteracy software
Schatkist met de Muis [Treasure Chest with the Mouse: Segers & Verhoeven, 2002] is a computer 
program that targets children’s preliteracy skills. This program has been shown effective to stimulate 
phonological awareness and letter knowledge in kindergarten (Segers & Verhoeven, 2004; 2005; 
2008). It is an adaptive program that is able to automatically select a set of games, and increase 
their difficulty, according to the literacy levels of the individual child. Children can personally 
choose from this set of games, to provide them with a feeling of control in their own learning paths. 
To reinforce independent learning with the software, two characters at the bottom of the screen 
help children to self-monitor their learning: a parrot and a pirate. The parrot characterizes the 
voice-over that asks the stimuli-related questions. The pirate tutors when the children answer 
incorrectly, and can be asked for help by the child if a question is not understood. When a 
child asks for help about a question, four green arrows point at the correct object. 
The program consists of five CD-ROMS with different themes and visuals to keep the children 
motivated, but the nature of the games are the same. Each CD-ROM consists of two types of 
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instructional games: learning games and language discovery games. The intervention groups 
worked with the learning games, the control group worked with the language discovery games. 
Experimental intervention. The learning games in Treasure Chest involve ten types of multiple-
choice rhyming and blending games, and four types of letter games. An example of a rhyming 
game is selecting th e right picture to make a sentence rhyme: The cat sleeps on the [mat, chair, 
floor]. An example of a blending game is selecting the corresponding picture with a segmented 
sound pattern: /s-ou-p/.
The letter games become available when children show the ability to blend consonant-vowel-
consonant (cvc) words in the phonological games. In the first letter game, the child has to place 
a picture into one of two boxes, according to which of these represents the initial grapheme 
of a spoken word. In the second letter game, the children have to position graphemes into the 
correct order of cvc-words. The third letter game requires children to point at objects that include 
a given grapheme. In the fourth letter game children can create words with the letters they 
know, and search for corresponding pictures from the program. This letter game only becomes 
available when children know a sufficient amount of letters to make at least five cvc words. A more 
elaborate overview of the structure of the games is available in Segers and Verhoeven (2002). 
Control group intervention. Treasure Chest offers four types of language discovery games: A 
karaoke game, a coloring game, filling in slots in sentences of stories and making a booklet 
from these stories, and creation of a picture postcard. These games targeted the awareness 
of reading order as well as the use of words and written texts. In the karaoke game, two songs 
and two rhymes per CD-ROM are offered. The texts appear below on the screen, with the 
words that are spoken being highlighted. In this game children can discover the reading order 
of texts and that sentences can be divided in words. In the coloring game, children can colour 
pictures by selecting colours that are mentioned within the picture, to learn the names of the 
colours. In the booklet game, children could fill in slots in sentences, and make a booklet that 
could be printed and taken home. In the postcard game, children could create their own front 
and back of a picture postcard by stamping and drawing. The goal of the latter two games 
was to show children the use of words and written texts, and to show how words can be 
captured in print (see Segers & Verhoeven, 2005)
Executive function-supporting activities. To activate children to pause and verbally reason 
about their actions before responding to the stimuli, we embedded a stop-and-think procedure 
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between the moment that the stimuli were shown and the selection of their response 
(Diamond, 2013; Simpson et al., 2011). Children were given a stuffed animal that they had to 
hold close to them while listening to the instructions. This stuffed animal functioned as a 
mediator, to which the children had to formulate their thoughts out loud. Then, they could reach 
for the computer mouse and select their answer (Bodrova & Leong, 2007; Diamond et al., 2007). 
Measures
Preliteracy skills
 Five tasks were administered to assess phonological awareness and grapheme knowledge. All 
of these tests were paper-and-pencil-tasks, and were broken off when five successive mistakes 
were made. All phonological subtasks except for rhyming included 20 items of increasing 
difficulty. Tasks had moderate to good reliability (Cronbach’s α for rhyming task: .68, all other 
tasks above α = .92). 
In the rhyming task (Verhoeven & Van Kuijk, 1991), children had to select one out of four pictures 
that rhymed with a picture of a word that was depicted above those pictures. The four 
alternatives also included semantically related items as distracters. There were two practice 
items and ten test items. This subtask was removed due to strong ceiling effects (M = 9.59, 
SD = 1.00 at pretest). In the syllabic awareness task (Verhoeven, 1987), children had to 
combine syllables to synthesize words. For auditory blending (Verhoeven, 1987), phonemes had 
to be combined to synthesize words. In the phonemic segmentation task (Verhoeven, 1987), 
children had to segment words into its phonemes. And in the grapheme knowledge 
task (Verhoeven, 1995), children had to read out loud all graphemes (including digraphs) that 
were presented to them on a sheet of paper.
Analysis of aggregated preliteracy measures. The conduct of a Principal Exploratory Component 
Analysis (PCA) with Oblimin Rotation on the z-scores of the measures at pretest revealed a single 
underlying factor (preliteracy skills) that explained 59.73% of the variance. The component 
loadings ranged from .41 to .85. The sum of the scores per subtask was used for the analyses 
to enable analyses of the progress children made over the three measurement occasions. 
Computer behavior
For each game the children played, Treasure Chest registered the logfiles of children’s computer 
behavior. As such, the program collected data across sessions about the number of games children 
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played, the amount of time they needed per game, the number of times they asked the parrot 
for help, the number of mistakes they made, and the percentage of stimuli that were correct. 
Executive functions
We used two direct tasks on the computer to assess executive functions: Flanker Fish and 
Hearts & Flowers (Diamond, 2013). These tasks demand inhibitory control, working memory and 
cognitive flexibility, but have a different nature into how they are demanded (see Diamond 
et al., 2007; Van de Sande, Segers, & Verhoeven, 2015). In both tasks, children had to press 
one of two marked buttons on the keyboard to respond to the stimuli on the screen. These 
stimuli had a restricted presentation time (i.e., 2000 ms. for Flanker Fish and 1500 ms. for 
Hearts & Flowers). Items that were responded to in less than 200 milliseconds after the 
stimulus onset were deleted, because these were likely inhibitory failures (18.11% for Flanker 
Fish and 2.08% for Hearts & Flowers; See Shing, Lindenberger, Diamond, Li, & Davidson, 
2010). All other stimuli that were correctly responded within this time frame were given one 
point (Diamond et al., 2007). 
Flanker Fish. Children had to pay attention to some of the features in the stimuli while 
inhibiting others, and had to flexibly switch between different game rules (Diamond et al., 
2007; Rueda, Posner, & Rothbart, 2005). The children saw lines of six fish, of which some were 
hungry and some were not. Only the hungry fish had to be fed by pressing the button on 
the same side as the hungry fish were facing (left or right). The other fish either swam in the 
same or opposite position. In the first block, the fish were blue and the hungry fish was in 
the middle. The children thus had to inhibit their tendency to pay attention to the flankers. 
In the second block, all fish were pink and the hungry fish were the flanker fish. In block three, 
lines of blue and pink fish alternated. There were sixteen items in the first and second block. 
In the third block, 44 items were included. Reliability of this task was high (Cronbach’s α = .88). 
Hearts & Flowers. In this task, the children were elicited the tendency to press a computer 
button that, at times, they had to control and replace with another motor response (Davidson, 
Amso, Anderson, & Diamond, 2006; Diamond, 2013). As in Flanker Fish, there were three 
blocks with different game rules. In the first block children saw hearts and were asked to press 
the button on the same side as the heart appeared. This block showed ceiling effects (M = 
12,91, SD = 1,63)  and was therefore omitted. In the second block the children were shown 
flowers and were asked to press on the opposite side to wherre the flowers appeared. In the 
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third block, hearts and flowers alternated. There were twelve items in the second block and 32 
items in the third block. Reliability of this task was high (Cronbach’s α = .85).
Aggregated EF-measures. We conducted a PCA using Oblimin Rotation over the z-scores of 
the five blocks to examine whether the tasks indeed tap upon a different nature of EFs. Two 
distinct factors were revealed. Factor 1 showed high loadings (.72 - .81) on the items from 
Flankers Fish and explained 44.13 % of the variance. Factor 2 showed high loadings (.84 - .87) 
on the items from Hearts & Flowers and explained 22.33 % of the variance in the children’s 
responding on this task. Therefore, these tasks will be analysed as separate EF-variables, 
using the sum of the scores per subtask.
Procedure
Children worked with the software twice a week during a five-week period. The children played 
with the games from a new CD-ROM each week to keep them motivated. Every play session 
with the games was terminated after twenty minutes. For all groups, instructions about the 
software were given during the first session, and repeated when necessary at the start of 
following sessions. Every session in the EF+EL group started with instructions about the use 
of the stuffed animal before the software was started. The computer program was installed 
on laptops from the authors’ research institute. These laptops were placed in a separate 
classroom at the schools. Three to six children worked with the games simultaneously, 
according to the number of children per class. To avoid distractions, children sat back-sided 
and out of reach of each other, and worked with headphones on. One or two experimenters 
(of the first author and 6 trained undergraduate students in Educational Sciences) sat out of 
sight and only intervened when strictly necessary.
 
Pre-testing took place in the end of January to mid-February, and was conducted by either 
the first author, or one out of two trained master students Educational Science. In one session, 
the EF-measures were assessed, and in the other session the phonological and letter skills. 
Testing was done individually and spread in two sessions. The order of the sessions was 
random per child. Both sessions took ten to twenty minutes. One individual session per child 
was taken during posttest and retention to assess the same preliteracy tasks again, using the 
same tasks. Posttest took place in March and April, after one week of holiday that followed the 
intervention period. Retention measures were assessed in May. Testing was done individually 
and spread in two sessions that, when possible, took place on the same day. In one session, 
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the executive function measures were assessed, and in the other the phonological and letter 
skills. Both sessions took ten to twenty minutes. The order of the sessions was random per 
child. The Raven was individually assessed during the intervention period, in a quiet place at 
the schools. 
Statistical analyses 
For the first and second research question, repeated measures ANOVAs were undertaken with 
Time as the within-subjects factor (pretest, posttest, retention) and Group (Intervention groups 
vs. Control; EL group vs. EL+EF group) as between-subjects factor. We analysed short-term (from 
pretest to posttest) and long-term effects (from posttest to retention) separately to increase 
power. Given the directional hypotheses, the two-level analyses were conducted using one-
sided testing. If interactions were found, these were further explored using independent samples 
t-test. To examine the third research question, independent samples t-tests were undertaken to 
contrast the two intervention groups on their behaviors as registered in the computer logfiles. 
Results
Descriptives and correlational analyses
The descriptives for the three groups on the preliteracy measures are shown in Table 1 on the 
next page. No differences were found between the groups on children’s initial preliteracy 
skills nor on their EFs (F < 1 for all measures). Correlational analyses showed that children’s 
preliteracy skills were related to their EFs as measured by Hearts & Flowers (r = .23, p < .05), but 
not with Flanker Fish (r = .11, p = .30)
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Impact on children’s preliteracy learning
Repeated measures ANOVAs with Time as within subjects factor and Group (Control 
– Literacy intervention) as between factor showed a main effect of time both on the short-
term (F(1,94) = 101.64, p < .001, ηp2 = .52) and long-term (F(1,93) = 6.35, p < .01, ηp2 = .06). 
No interactions with group were found on short-term learning gains (F < 1), but on the long-
term the experimental groups showed stronger progress in preliteracy skills compared to 
the control group (F(1,93) = 3.14, p < .05, ηp2 = .03). Analyses to compare the effects of both 
experimental groups (EL and EL+EF groups) also showed a main effect of time on both time 
frames (short-term: F(1,55) = 76.98, p < .001, ηp2 = .58; long-term: F(1,53) = 13.28, p < .01, ηp2 
= .20). Furthermore, no short-term interaction between these groups could be established (F 
< 1), but the interaction on long-term learning gains was again significant: F(1,53) = 3.29, p < 
.05, ηp2 = .06. As expected, children in the EF+EL group showed stronger learning gains than 
children who conducted the intervention without the EF-supporting activities. 
The long-term group effect on the three groups was then further examined for differential 
levels of EF. Two EF-categories were created based on the EF-task that correlated with 
children’s preliteracy skills: Those children among the lowest and highest 50% scorings on 
the Hearts & Flowers task. Three-way-bidirectional interaction analyses (Time x Group x EF-
level) showed a marginally significant three-way interaction: F(1,86) = 15.66, p = .058, ηp2 = 
.06. Further analyses through independent samples t-tests showed that the effects of the 
intervention were driven by the progress of the children with lower EFs. The children with 
lower EFs that worked with the preliteracy games in the two intervention groups showed 
stronger progress in these skills than the control group: t(48) = 2.0, p = .02, d = .58). More-
over, these children in the EF+EL group again showed higher learning gains than the EL 
group: t(29) = 1.96, p = .03, d = .73). No significant group differences were found for children 
with higher levels of EF (p > .67 for both contrast analyses). Figure 1 depicts the interaction. 
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Figure 1. Progress in preliteracy skills for children with lower (upper chart) and higher (chart 
below) EFs.
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Impact on children’s computer behavior
Children in the EL+EF group played more games in the same amount of time than children in 
the EL group: t(59) = 2.14, p = .02,  d = .56). No differences between the two intervention groups 
were found in the number of mistakes: t(59) = 0.64, p = .26) or in the time that was needed 
to succeed in the tasks (t(59) = 1.31, p = .10). However, the children in the EL+EF group made 
use of the help-function that provided them with the answer only half of the time compared to 
the EL group: t(41.18) = 2.05, p = .03,  d = .64 (corrected for unequal variances). Furthermore, 
a trend was found for the difference in percentage of correct items. As expected, children in 
the EL+EF group had higher scores than the EL group: t(59) = 1.51, p = .07,  d = .39.
Discussion
Effects of the intervention
The present study examined whether embedded EF-support in a computerized preliteracy 
intervention could foster young children’s learning gains in phonological awareness and 
letter knowledge. Through the use of a stuffed animal, children were elicited to stop and 
think out loud before they responded to the stimuli. This procedure was aimed at diminishing 
the load on the prepotent impulsive responses, and to make mental space to formulate more 
conscious and self-regulated responses instead. Children in an EF-supported early literacy 
group (EL+EF group) were compared to an experimental group that worked with the same 
literacy software without the embedded EF-activities (EL group) and to a control group that 
played with language discovery games from the same software. Children in all groups showed 
equal progress in preliteracy skills on the short-term, but on the long-term intervention effects 
were found. Children that worked with the software to stimulate phonological awareness and 
letter knowledge showed stronger progress on these skills than the control group. Moreover, 
children in the EL+EF group showed more efficient learning behaviors, and stronger retention 
effects than children in the EL group. Further analyses indicated that these effects were driven 
by the children with lower EFs.
Contrary to our expectation, no direct posttest effects on literacy skills were found. A previous 
study did find such effects (Segers & Verhoeven, 2005). However, in that study children worked 
with the software for 40 weeks, compared to just 5 weeks in the present study. Their posttest 
thus was after approximately half a year. Moreover, the strongest effects were found for 
immigrant children compared to native children. Another intervention study that examined 
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effects of a computerized program to stimulate phonological and letter skills (Van der Kooy-
Hofland, Bus, & Roskos, 2012) was conducted over fifteen weeks. They also found significant 
direct posttest effects, but their population consisted of children with severe literacy delays. 
The children in the present study worked with the software for only five weeks and involved a 
regular group of children who had Dutch as their first language. The lack of a posttest effect 
may therefore be attributed to the fact that our intervention was too short to exert direct 
effects to children with regular baselines in preliteracy skills.
Interestingly, the retention effect was significant. Children in both experimental groups showed 
stronger progress in preliteracy skills, and the children in the EF+EL group showed the 
highest benefits. Children thus might have consolidated the preliteracy exercises, which 
helped them during their later instructions in class. Moreover, given the fact that this retention 
effect was mainly driven by the children with lower EFs and strongest for the EL+EF group, 
this result also allies with reviews that stress that especially children with lower levels of EFs 
need the explicit EF-support. It helps them to compensate for difficulties with task-focused 
behavior and to reduce high processing loads (e.g., Diamond & Lee. 2011; Wass, 2015).
The fact that the EF-support aided effective computer learning was also illustrated by the 
children’s computer behaviors. Children in the EF+EL group had higher scores and played 
more games in the same amount of time. Moreover, children in that group were less prone 
to use the help-function that directly guided them to the correct answer. This result suggests 
that the children that kept their EFs active were more persistent in independent problem-
solving during gaming. This fits with previous studies that show that children with better 
involvement of their EFs are better able to inhibit irrelevant mouse responses, and adds to 
this literature in explicitly linking EFs that are measured prior to the intervention (cf., Kegel 
et al., 2009; De Koning-Veenstra, Timmerman, Van Geert, & Van der Meulen, 2014), and in 
the behavioral effect when explicitly supporting them (cf., Van de Sande, Segers, & Verhoeven, 
2015). The results are also the first to show the Passive Dissipation effect in a naturalistic 
educational context (Simpson et al., 2012), by having children take small delays that effectively 
faded their first prepotent response while working with educational software
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Limitations and future directions
The present study does not go without limitations. First, the adaptivity of Treasure Chest 
showed a drawback. Children had to reach a certain level in the first set of rhyming and 
blending games before other phonological and letter games became available. Some 
children had difficulty with one of the blending games, and consequently spent a lot of time 
on the other games from the initital set that they had already mastered. This could likely have 
contributed to the lack of posttest effects. In a similar vein, not all children in the EL+EF group 
likely applied the EF-reducing routines equally well, but this can only be established through 
observational data. Third, our sample size in relation to the number of groups made it difficult 
to directly control for background measures without risking effect inflation or losing power. 
Furthermore, the effects were rather moderate. This might be a result of the relatively small 
sample size per group, but only follow-up studies can tell. 
Many future ideas can be generated from this study. First, retention measures over longer 
time spans could strengthen our claim that the EF-exercises were consolidated over time. 
Moreover, children in the current study were asked to stop and think, but other more proactive 
and conscious ways to monitor learning should be tested too. Third, we tested the EF-
exercises in the context of a computer intervention, but their effects can be tested in other 
learning contexts with low external control from the teacher as well. Furthermore, the language 
discovery games that were played by the control group also involved some rhyming and letter 
depictions, so a learning effect in that group cannot be completely ruled out. A follow-up 
study with a business-as-usual control group could provide further insights into this.
Conclusion and implications
The present study showed that the learning behavior of young children with lower levels 
of EFs can be enhanced during computer interventions through explicit EF-support. It also 
indicates that such support should be emphasized continuously and over longer periods of 
time, to allow for consolidation with these activities. From a theoretical point of view, this 
is the first study that examines effects of embedded EF-exercises to children’s preliteracy 
learning with the computer. As such, it provides new insights into how the generally moderate 
effects of early literacy software might be enhanced, and adds to the literature that stresses 
to integrate EF-support in the earlly school curriculum. From an educational point of view, our 
study indicates that the use of literacy software in kindergarten can be optimalized by 
supporting children’s EFs through embedded exercises. For software designers, the present 
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study shows that building in elements into software that help children to stop and plan their 
actions can make their educational software more effective. For teachers, the present results 
show that autonomous literacy learning contexts place high executive (over)loads in young 
children, that can be reduced by playful embedded exercises to activate EFs. Moreover, it 
suggests that continous exercise of EFs that are integrated in the literacy curriculum might 
lead to consolidation of positive learning behaviors over time. By addressing EFs, children can 
benefit more from kindergarten instructions, and will be better prepared for the transition to 
formal literacy education in first grade.
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The role of executive functions in 
dyadic literacy learning in kindergarten
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AbstrACt
Executive functions are vital to benefit from academic instructions such as early literacy 
education, but no research to date has examined how to embed exercises that activate executive 
functions to support young children’s effective learning during literacy interventions. The present 
paper therefore examined to what extent explicit support of executive functions can help 
children to keep engaged and hence benefit more from a dyadic, co-constructive intervention to 
stimulate literacy skills in kindergarten. Using a randomized controlled trial design in 100 
kindergartners, we examined the effects of a dyadic learning context in which children scaffolded 
each other’s learning and behavior through structured questioning procedures and the use of 
mediators. This group was contrasted to two control groups: an intervention control group with 
dyads that observed each other while working with the same literacy exercises, and a business-as-
usual control group. Children in all three groups progressed equally in phonological awareness 
over time. However, the experimental group outperformed the other two groups in letter 
knowledge progress. Further analyses showed that these results were mainly driven by children 
with higher levels of executive functions. These results suggests that young children can be able 
to regulate each other’s learning and behavior during pre-academic exercises in dyadic contexts, 
but may need more external control from a teacher when their executive function levels are low. 
Chapter 6
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Introduction
Executive functioning (EFs) have shown essential for effective early academic instructions, 
because they enhance learning and behavior. Only a study by Diamond, Barnett, Thomas, and 
Munro (2007) has provided first insights into how to support these capacities through embedded 
activities in the early curriculum: through dyadic learning with scaffolding, monitoring, mediators, 
and role-play. The question remains to what extent such integrated EF-activities facilitate 
academic progress in a short intervention that targets specific academic skills. The current 
study examined whether such dyadic activities help children to benefit from a preliteracy 
intervention, and whether different effectiveness is found for children with different EF-levels. 
Higher EFs manifest in better learning behavior, like better planning skills (Gathercole et al., 
2007) and better problem-solving (Van de Sande, Segers, & Verhoeven, 2015; Zelazo & Frye, 
1997). Supporting EFs can thus help to overcome learning difficulties in young children, and 
to benefit more from academic instructions (Alloway & Alloway, 2010; Holmes et al., 2009). An 
intervention study that related EFs to progress from a preliteracy intervention showed that 
kindergartners with lower EFs had more off-task behavior and less problem-solving, resulting in 
lower learning gains (Kegel, Van der Kooij-Hofland, & Bus, 2009). A follow-up study evidenced 
that kindergartners low in EFs benefitted more from the training when an integrated tutor 
reduced their executive load through scaffolding (Kegel & Bus, 2012). 
Helping young children to engage their EFs thus seems promising to let them benefit more from 
academic instructions. But the optimal way to provide this support is far from clear (Bierman, 
Nix, Greenberg, Blair, & Domitrovich, 2008). One approach is to train single EFs and to examine 
whether this transfers to higher academic achievements. However, such transfer effects have 
rarely been found (Bierman et al., 2008; Wass, 2015), likely because these trainings are too 
domain-general. This is also evidenced by Kroesbergen et al. (2014), who contrasted a domain-
general working memory training to a specific working memory and numeracy training and to a 
control group. Children in the domain-specific training improved more on counting skills than 
the control group. No transfer effects to numeracy were found for the domain-general group. 
In line with this domain-specific effect, focusing on EFs alone might not be as beneficial for 
academic progress as supporting them integral in instructions (Diamond, 2013; Wass, 2015). 
Indeed, a recent review suggests that constant and integral exercises with EFs function as a 
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hallmark for deep learning of early scholastic activities (Diamond, 2013). In such an embedded 
approach, children’s learning becomes more effective, resulting in higher academic benefits 
(McClelland et al., 2007; Raver et al., 2011). 
Such embedded exercises can be elicited through peer-learning. As such, children can help each 
other in activating their EFs through imitation and internalization, via scaffolding, monitoring, 
and role-play (Diamond et al., 2007; Skibbe, Brophy-Herb, Philips, Day, & Connor, 2012; 
Vygotsky, 1978). Such other-regulatory activities help to structure the mind and enable task- 
focused behavior, and can be fostered through dyadic tutoring (Fernyhough & Fradley, 
2005; King et al., 1998; Mathes, Torgesen, & Allen, & Allor, 2001). In dyadic tutoring, children 
reinforce and co-construct each other’s learning by explaining and reflecting on tasks (King et 
al., 1998; Volpe, Young, Piana, & Zaslofsky, 2012). Moreover, they have to inhibit the tendency 
to think before acting, wait upon their turn, and reflect upon tasks. Dyadic tutoring can thus 
socially support children in keeping their EFs engaged throughout the whole learning cycle of 
planning, performing, and reflecting (Roscoe & Chi, 2007; Perels et al., 2009). 
Young children can also benefit from dyadic tutoring, but need structured routines (King 
et al., 1998; Palmer & Wehmeyer, 2003). Diamond et al. (2007) tested a curriculum-wide 
intervention for preschoolers with an emphasis on EFs for behavior and preliteracy: Tools of 
the Mind (Bodrova & Leong, 2007). An important part of this curriculum was dyadic learning, 
in which visual mediators (i.e., reminders), other-regulation, and role-play activated children’s 
reciprocal regulation. The use of mediators during mutual dyadic learning helped children 
reminding their roles and staying engaged during peer storybook reading. A follow-up study 
by Barnett et al. (2008), included pre-and posttest and could not establish stronger preliteracy 
progress in the Tools group. The questions thus remains what the causal effects are of such 
dyadic scaffolding procedures, and also whether they can be fruitful in short interventions 
specifically aimed at literacy.
Although not explicitly addressing EFs, one short dyadic preliteracy intervention showed 
positive effects on phonological and decoding skills (Fuchs & Fuchs, 2005). Dyads assisted 
each other through structured step-by-step questioning after modelling by teachers. This 
group progressed more in phonological awareness compared to the business-as-usual 
control group. However, the teacher-modeling involved phonological exercises while the 
dyadic context targeted decoding. Moreover, similar effects on phonological awareness and 
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letter knowledge were found for a teacher-mediated training when both these groups were 
compared with a control group. It is thus unsure whether children were able to benefit from 
the dyadic scaffolding, or required the external control from the teacher too. 
The above studies, to our knowledge, are the only ones that exist on dyadic learning to 
enhance preliteracy skills. Much information is lacking. Exemplarily, dyadic groups were only 
contrasted to control groups with individual children, making it difficult to discriminate between 
dyadic and mere training effects. Moreover, studies on dyadic literacy learning generally 
required older children to copy exactly what teachers modeled beforehand, and matched a high 
performing tutor with a lower performing tutee (Roscoe & Chi, 2007). Due to their knowledge 
gap, only half of the children might then be challenged and benefit. 
The present study therefore examined the impact of EF-support through dyadic learning in 
preliteracy instructions. We designed a co-constructive intervention that targeted phonological 
and letter skills with tutoring exercises that activated children’s EFs. Peers with approximately same-
ability preliteracy skills scaffolded each other’s strategies, problem-solving, and task-focused 
behavior through mediators and questioning routines. These routines were structured along 
the learning cycle of planning, performing, and reflecting, and were designed to be applicable 
to new stimuli as well. We contrasted the preliteracy gains of this group to a dyadic control 
group and to a business-as-usual control group. Furthermore, we examined whether different 
effects were found for different levels of EFs. We addressed the following research questions: 
1. What are the effects of a dyadic preliteracy intervention with embedded 
    EF-supporting activities?  
Children in both intervention groups were expected to progress more in phonological 
awareness and letter knowledge compared to the business-as-usual control group. Moreover, 
children in the scaffolding dyadic group were expected to show higher preliteracy gains than 
the dyadic control group.
2. To what extent does the level of EFs moderates the effectiveness of the intervention? 
Children with higher EFs would likely be better in self-and other-regulation without much 
external control from a teacher, resulting in higher preliteracy gains.
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Method
Participants
A 102 children participated, 42 girls and 60 boys. These children came from eleven kindergarten 
classrooms (three schools) and on average from middle to middle-high socio-economic 
backgrounds (M = 5.31, SD = 1.00; ranging from 2 to 7). All children spoke Dutch as their 
first language. All parents gave active written consent. The children were approximately five-
and-a-half years old (M =5;7, SD = 0;4, ranging from 5;1 to 7;1) and in their second year of 
kindergarten. Two participants dropped out of the study at pretest, one due to social phobia 
which led to an inability to speak to the experimenter, and one due to a recent traumatic event. 
Design
A randomized pretest-intervention-posttest design was used to examine the intervention 
impact. Multiple steps were taken to form dyads and to randomly assign these to a group. 
In classrooms with an odd number of children, one child was first randomly assigned to the 
control group. Then, we rank-ordered children within each classroom on their phonological 
awareness level and matched every third child on the list, so that children would not be too 
close or far from each other’s level. Next, dyads were assigned to one of three groups: One 
in which EF- activities were embedded into the preliteracy intervention through structured dyadic 
learning with scaffolding and role-play (the EF-supporting Dyadic Learning group; EF-DL); 
one (control) dyadic intervention group in which children performed the same preliteracy 
intervention and only observed each other (the Observing Dyadic Learning group; O-DL); and 
one group that followed the regular school curriculum (Control). Children in the intervention 
groups worked with the preliteracy games twice a week during twenty-minute sessions, in 
five successive weeks, except for one week holiday in-between. Every dyad was randomly 
assigned to a group with an automatic randomization function.
 
Intervention materials
Preliteracy program
We used a combined phonological awareness and letter knowledge program, because 
interventions with instruction of letters and their underlying phonological structure have shown 
more effective than instruction in phonological or letter knowledge alone (Hatcher, Hulme, 
& Ellis, 1994). We adopted an existing and succesful program, to allow a valid context in which 
the self-designed EF-support could be embedded. The Leeslijn [Literacy Line; De Baar, 1992] 
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is a wide set of coherent (pre)literacy games designed by a team of education professionals. 
Teachers and clinicians use it for occasional extra practice for children in regular and special 
education. All games consist of plastic cards that present words, pictures and/or letters. 
We selected games that targeted phonological awareness, word recognition, and letter 
knowledge. This resulted in ten games in four different types: rhyming, segmentation, blending, 
and letterbingo. These ten games were slightly adapted to fit the purpose of the current 
study. For example, the stimuli of each game were divided into two equal sets (next called 
‘games’) so that each child could play with a new version of that game within every session. 
Thus, in total we used twenty games in four types. Children never saw the games before.  
Rhyming game. Children matched cards that represented rhyming words. There were two 
types of cards: picture-word cards (e.g., a picture of the sun with the written word ‘sun’ below 
the picture), and word-only cards. Children first had to recognize the written word on a picture-
word card and match that card with the corresponding word-only card. Then, they searched 
the picture-word card that rhymed and connected it to the target word, again followed by the 
matching word-only card. There were four games, each of which consisted of four rhyming sets. 
Phoneme segmentation game. Children saw a picture-letter card and connected two other 
picture-only cards that represented words starting with the same phoneme. Four games were 
included. Each part included three different phonemes, divided over nine cards (e.g., t, r, n: 
tas – ton – tak; rok – raam – riem; noot – net - neus). 
Phoneme blending game. Children selected three phoneme-cards with matching pictures and 
had to place them in the order of the representing word. There were six games that together 
covered most available phonemes in Dutch. Each game on average included two vowels and 
eight consonants that together formed four words (e.g., o, u; p, l, h, k, b, n, z, f; bot; vos; juf; bus). 
Letter bingo. Children threw a letter dice and searched for the letter in a bunch of letter cards. 
This card was placed on a board with twelve pictures representing words that included the 
letters from that game (e.g., the m, aa [oo], and n could all be placed on a picture maan [moon] 
picture). Four games were provided that included a dice with four vowels or six consonants.
Executive function-supporting activities. The EF-DL group performed the games with 
embedded dyadic EF-supporting activities, through a combination of features shown effective 
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to academic achievements. These features were scaffolding, monitoring, formulating strategies, 
and role-play (Bodrova & Leong, 2007; Diamond et al., 2007; Fuchs & Fuchs, 2005; King et al., 1998). 
There were two roles that the children played alternately within each session: the Schoolchild and 
the Schoolteacher (see Table 1 on the next page). In the role of Schoolchild, children initiated 
the game actions and explained step-by-step what they were doing. In the Schoolteacher-role, 
children scaffolded the task-behavior of the Schoolchild through protocolled questions 
along the learning cycle. For the planning-phase, they helped the Schoolchild to remember 
the goals and task demands. In the performance-phase, the Schoolteacher helped the School- 
child to define strategies via step-by-step questions. In the reflection-phase, they reflected 
upon the game performance of the Schoolchild. Furthermore, the Schoolteacher monitored the 
game when necessary, for example, when their peer stagnated in the game, had questions, or 
was distracted. The scaffolding protocols generally fitted every game to enable internalization, 
but some questions during the performance-phase were tailored to fit specific game demands. 
Mediators were designed to help children remember their role. These mediators were placed 
in photo frames (6 x 8 inches) so that children could place their visualized role in front of them. 
The role of Schoolteacher was visualized through a funny looking male or female teacher 
(see Figure 1 on the next page). This picture was accompanied by three pictures that each 
visualized one step in the learning cycle. Because the children performed the intervention at 
school, we used a mirror as a playful mediator for the role of Schoolchild.
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Scaffold Schoolteacher Response Schoolchild
‘Ok, let’s throw the dice’
 
‘Which letter is that?’ 
 
‘In which of these words can  
you find the letter [item]?’ 
 
‘Where in that word can you  
find the letter [..]?’  
‘Well done, you can put the  
letter card on that word.’
Throws with dice.‘
 
That is the ‘[names letter]’. 
Picks corresponding letter card.
 
‘In [names one of the words on the bingo 
card]. Points to the corresponding picture. 
 
‘At the [beginning/middle/end]  
of the word.’
Puts letter card on the corresponding word 
on the bingo card.
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Table 1. Example of a scaffolding procedure (in the letter bingo game).
Figure 1. Mediators for the role of Schoolteacher. The teacher was a reminder of the children’s 
role. The boxes on the right visualized the different steps (from top to bottom) in the questioning 
routines: orientation, performance, and reflection.
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Intervention procedure
Two dyads participated in each session. These four children gathered around a table with two 
trained undergraduates in Educational Science, who explained the games to them. In the 
EF-DL group, the roles of Schoolchild and Schoolteacher were also rehearsed. Then, children 
were told the specific scaffolding questions that were related to the game of that session. 
Children were actively involved in the instructions through open questions and by having 
them repeat the game rules and scaffolds. Then, the two games of the day were explained 
and modeled. After the modeling, the experimenters showed a large card with the pictures of 
the games and checked whether the children knew all the words that the pictures represented. 
Instructions about the games took approximately five minutes, and instructions about the 
role-play as well. 
If there were no further questions, the children took place on two desks with space inbetween. 
Peers sat next to each other so both children could look at the cards and mediators. There 
were four blocks within each session: two different games, five minutes per game. The games 
and types increased in difficulty over the course of the intervention, with one type per session. 
Experimenters were intensively trained beforehand. Every dyad had one fixed experimenter 
to monitor the children when necessary, through a strict protocol (i.e., two experimenters 
per school). Experimenters always represented the same role during the role-play modeling. 
Experimenters sat as out of sight as much as possible and right-angled to one of the peers. In 
the EF-DL group this was always the Schoolteacher’s side, so that – only if strictly necessary - 
the experimenter could whisper in the Schoolteacher’s ear, for example when the Schoolchild 
asked a question about the stimuli that was unknown to the Schoolteacher. The Schoolchild 
interacted only with the Schoolteacher. To keep the intervention groups as comparable as 
possible, game performance was checked in the O-DL group as well. If children in the O-DL 
group finished the game, the experimenter corrected when necessary. No verbal response 
was given, to maintain the observational nature in this group. 
 
Measures 
Executive functions
We assessed EFs with two direct tasks on the computer: Flanker Fish and Hearts & Flowers 
(Diamond, 2013). In both tasks, stimuli appeared on the right or left side of the screen and the 
children had to press one of two marked buttons on the keyboard according to the game rules. 
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Both tasks had three blocks with different game rules. All items had a restricted presentation 
time: 2000 ms. for Flanker Fish, 1500 ms. for Hearts & Flowers. Items responded to in less 
than 200 milliseconds were deleted because of the high risk of inhibitory failures (see Shing, 
Lindenberger, Diamond, Li, & Davidson, 2010). For Flanker Fish, this resulted in a removal of 
19,45 percent and for Hearts & Flowers in the removal of 2,67 percent. All other stimuli that 
were correctly responded within the allocated time frame were assigned one point.
Flanker Fish. This task demanded EFs on an attentional level because children had to pay 
special attention to some features of the stimuli while inhibiting others, and to flexibly switch 
between game rules (Diamond et al., 2007; Rueda, Posner, & Rothbart, 2005). Hungry fish 
had to be fed by pressing a button on the side that the hungry fish were facing. The middle 
fish was generally accompanied by five other fish that together could appear in three 
combinations. The middle fish either swam in the opposite side from the flanker fish; all 
fish swam in the same side; or the stimuli fish swam alone. In the first block, the fish were 
blue and the hungry fish was in the middle. Children thus had to inhibit their tendency to 
pay attention to the flanker fish. In the second block, the fish were pink and the hungry fish 
were the flankers. In block three, blue and pink fish appeared by turns. There were sixteen 
items in the first and second block and 44 items in the third block (Cronbach’s α = .84). 
Hearts & Flowers. Children were elicited an action (i.e., motor) response of pressing a 
button that they often had to inhibit and replace by a less salient response (Davidson, 
Amso, Anderson, & Diamond, 2006). A heart or flower appeared on the left or right side. 
In the first block, children saw hearts and had to press the button on the same side as the 
heart appeared. This block was removed from analyses due to ceiling effects (M = 15.02, 
SD = 1.88). The second block included only flower trials. Children had to press the opposite 
button. In the third block, hearts and flowers were alternated. There were fourteen items in 
the first and second block and 32 items in the third block (Cronbach’s α of block 2 and 3 = .87). 
Aggregated EF-measures. The z-scores of the five blocks from the two tasks where included 
in a Principal Component Analysis using Oblimin Rotation. Two distinct factors were revealed. 
Factor 1 showed moderate to high loadings (.58 - .78) on the items from the Flankers Fish 
task and explained 46.03 % of the variance. Factor 2 showed high loadings (.85 - .92) on the 
items from the Hearts & Flowers task and explained 18.89 % of the variance in the children’s 
responding on this task. Therefore, these tasks will be analysed as separate EF-measures. The 
sum of scores per subtask were used for the analyses.
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Preliteracy skills
Phonological awareness. The following tasks from the computerized Screeningsinstrument 
Beginnende Geletterdheid [Screening Instrument for Emerging Literacy] were assessed: 
rhyming, segmentation, blending and deletion. Taken together, these tasks measure different 
aspects of children’s early phonological awareness (Vloedgraven, Keuning & Verhoeven 2009, 
Vloedgraven & Verhoeven, 2007). Stimuli were presented visually and auditorily. Children 
selected the answers using the computer mouse. Each task had 15 high-frequency monosyllabic 
items (Schrooten & Vermeer, 1994). In the rhyming task, the children were asked to select 
the response alternative which rhymed with the auditorily presented word. In the phoneme 
identification task, the target word was presented in its individual phonemes and the children 
were asked to indicate which of the three alternatives on the computer screen corresponds to 
it. In the phoneme blending task, the children were asked to select that response alternative 
which began with the same phoneme as the one in the target word. In the phoneme deletion 
task, the children were asked to indicate that alternative from which a phoneme was deleted 
in the target item, which resulted in another existing word (Cronbach’s α > .90, Vloedgraven& 
Verhoeven, 2007). 
Analysis of aggregated phonological awareness measures. The conduct of a Principal 
Component Analysis with Oblimin Rotation revealed a single underlying factor (phonological 
awareness) and explained 64.17% of the variance in the children’s responding on the four 
subtasks. The component loadings ranged from .75 to .84. The sum of the scores per subtask 
was used for the analyses. 
Letter knowledge. Children were shown a card in which all 34 Dutch graphemes (including 
digraphs) were presented in three columns. All letters that were produced correctly received 
a score of 1 (Cronbach’s α = .93, Verhoeven, 1995).
Nonverbal intelligence
Nonverbal intelligence was assessed with the Raven Colored Progressive Matrices (Raven, 
1956). This task consisted of 36 items divided in three parts that increased in difficulty. Children 
had to complete patterns with small missing pieces by selecting one out of six pieces that 
were presented below the item. Overall raw scores were used for the analyses (Cronbach’s α 
= .90, Van Bon, 1986).
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Parental educational level
 We assessed the educational level of the parent(s) as an indication of socio-economical status 
on a scale from 1 (no education) to 7 (university). Average scores of both parents, or single 
scores if necessary, were used for the analyses.
Procedure of the measurement occasions
Children were assessed directly before and after the intervention period. Testing was divided 
into two sessions of approximately fifteen minutes: first the Flanker Fish and Hearts & Flowers 
and letter task, then the phonological awareness tasks. Nonverbal reasoning was assessed 
during the intervention period.
Statistical analyses
We analysed the effects of the intervention by contrasting the progress of the three groups 
(EF-DL, O-DL, and Control; N = 100) on phonological awareness and letter knowledge.
Repeated measures ANOVAs were undertaken with Time as the within-subjects factor and 
Group as between-subjects factor. We controlled for background measures (e.g., parental 
educational level) as well as cognitive measures (e.g., nonverbal intelligence) when correlations 
were significant. 
The significant preliteracy gains from the intervention groups (EF-DL and O-DL; N = 66) were 
then further examined for lower and higher levels of EFs. Two equal groups were created 
based on scores of the EF-measures that showed correlations with preliteracy: those children 
among the lowest 50% EF-levels and those children scoring among the highest 50% Three-way 
interactions of Time x Group x EF-level were examined with repeated measures ANOVAs. If 
interactions were found, these were further explored using independent samples t-test.
Results
Descriptive statistics and correlational analyses
The descriptive statistics for background measures, cognitive measures, and experimental 
measures at pretest are shown in Table 2. There were no differences between the three groups 
in cognitive and background measures (ANOVAs). Moreover, the large standard deviations 
indicate a heterogeneous sample. Table 3 depicts the average scores on pretest and posttest 
per group.
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Control O-DL EF-DL F(2, 88-97)
Phonological awareness 
Letter knowledge 
EF: Flanker Fish 
EF: Hearts & Flowers 
Age (in months)
Parental educational level
Nonverbal intelligence
37.82 (10.96)
13.18 (9.07) 
46.88 (10.55)
32.85 (8.15)
69.18 (4.76)
5.25 (1.00)
22.06 (4.84)
40.38 (8.43)
12.97 (7.57)
48.81 (9.67)
32.81 (7.17)
64.44 (14.28)
5.53 (0.75)
22.38 (4.38)
39.29 (8.09)
11.74 (7.20) 
50.12 (8.68)
32.18 (7.26)
68.42 (4.85)
5.16 (1.21)
21.97 (3.90)
0.63
0.32
0.96
0.09
2.53
1.15
0.08
M (SD) M (SD) M (SD)
Note. No between group-differences shown at p < .05 (ANOVAs) for all measures above.
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Table 2. Descriptives of experimental and background variables for the control group 
(control, N = 34), observing dyadic learning group (O-DL, N = 32), and EF-supporting Dyadic 
Learning group (EF-DL, N = 34). Table 4 shows the correlations between the measures at 
pretest. Because nonverbal intelligence correlated with preliteracy and EFs, we controlled for 
this variable in all analyses.
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Control O-DL EF-DL
Phonological awareness (60)
   
Rhyming (15)
Phoneme identification (15)
Phoneme blending (15)
Phoneme deletion (15)
Letter knowledge (32)
Executive functions (122)
Flanker Fish (76)
Hearts & Flowers (46)
37.82
(10.96)
11.74
(2.77)
9.79
(4.28)
11.00
(3.84)
5.29
(2.29)
13.18
(9.07)
79.74
(15.08)
46.88
(10.55)
32.85
(8.15)
40.38
(8.43)
12.34
(2.04)
10.13
(3.77)
11.78
(3.53)
6.13
(1.91)
12.97
(7.57)
81.63
(14.84)
48.81
(9.67)
32.81
(7.17)
39.29
(8.09)
12.35
(2.15)
10.21
(3.40)
11.50
(3.21)
5.24
(2.36)
11.74
(7.20)
82.29
(13.79)
50.12
(8.68)
32.18
(7.26)
42.32
(9.50)
12.94
(2.35)
11.56
(3.58)
12.12
(3.98)
5.71
(2.49)
16.71
(9.42)
93.12
(15.60)
56.85
(10.45)
36.64
(6.27)
44.16
(8.62)
13.00
(2.26)
11.78
(3.38)
12.72
(3.13)
6.66
(2.36)
17.75
(7.43)
93.19
(14.50)
56.63
(10.40)
36.56
(5.27)
43.91
(7.86)
13.24
(1.94)
11.76
(3.13)
12.65
(3.15)
6.26
(2.81)
17.76
(7.41)
94.15
(12.80)
57.77
(8.75)
36.38
(5.64)
Pretest
M (SD)
Variable (maximum) Pretest
M (SD)
Pretest
M (SD)
Posttest
M (SD)
Posttest
M (SD)
Posttest
M (SD)
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Table 3. Descriptives for pretest and posttest measures for the three groups.
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1. Phonological awareness
2. Letter knowledge
3. EF: Flanker Fish
4. EF: Hearts & Flowers
5. Age
6. Parental educational level
7. Nonverbal intelligence
1
.670**
.199*
.172
.060
.008
.390**
1
.121
.222*
.060
.146
.387**
 
 
1
.416**
.198
.069
.504**
1
.096
.062
.434**
1
-.024
.180
1
.075 1
1   2    3     4     5     6      7
Notes. **p < .01, * p < .05.
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Table 4. Correlations among the measures of preliteracy skills, executive functions, and 
control variables at pretest (N = 100).
Effects on preliteracy skills
For phonological awareness, there was a main effect of Time (F(1,96) = 5,22, p = .02, η2 = .05), but 
no group interactions (F < 1). For letter knowledge a main effect of Time was found too (F(1,96) 
= 9.39, p = .003, η2 = .09), and a significant interaction between Time and Group (F(2,96) = 3,14, 
p = .048, η2 = .06). This interaction was caused by the EF-DL group making more progress than 
the control group (t(66) = 2.37, p = .02,  d = .58). No interactions were found between the O-DL 
and EF-DL group (t(64) = 1.33, p = .19), or the O-DL and Control group (t(64) = 1.24, p = .22). 
Differential effects of the preliteracy intervention for different EF-levels
Two categories were created on the basis of the score on the EF-measure of Hearts & 
Flowers (see Table 4). A main effect of Time was found for letter knowledge (F(1,62) = 122.59, 
p < .001, η2 = .66). No single intervention effect was found between the intervention and 
intervention control group (F(1,96) = 1,84, p = .18). However, a three-way-interaction was 
found with EF-level (F(1,62) = 4.30, p = .04, η2 = .06 (See Figure 2). Independent samples 
t-test between the two groups showed that children with higher EFs benefitted more from 
the EF-DL intervention than from the O-DL intervention: t(30) = 2.26, p = .03,  d = .83. 
No intervention effects were found for children with lower EFs: t(32) < 1.
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Figure 2a and b. Differential effects in learning gains of letter knowledge for children with 
lower (upper chart) and higher (chart below) levels of EFs.
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Discussion
The present study examined whether embedding EF-supporting activities could reinforce 
the gains of a preliteracy intervention in kindergarten. Role-play, mediators, and strategy-
formation were integrated into a dyadic learning context to continuously activate EFs. This 
group was contrasted to a dyadic control group that worked with the same preliteracy 
intervention but without the explicit EF-activities, as well as to a business-as-usual control 
group. For phonological awareness children in all groups showed equal development over 
time. For letter knowledge, however, children in the dyadic context with EF-activities showed 
the strongest progess. This effect was driven by children with higher levels of EF.   
Children in the dyadic control group did not progress more than the control group in 
literacy skills, which might indicate that children in this dyadic group had more difficulty in 
actively participating, and hence benefit, from the preliteracy games. These results suggest 
that children can foster each other’s learning even at a very young age – but only when 
their EFs are actively supported. To our knowledge, these results are the first on effects of 
embedded EF-exercises in a specific pre-academic intervention in kindergarten. The curriculum- 
wide intervention Tools of the Mind used dyadic regulation though scaffolding and mediators 
in preschool, and showed some correlations with school-based preliteracy assessments at 
posttest as well (Diamond et al., 2007). However, a follow-up study that assessed literacy at 
pretest and posttest could not found direct effects on pre-academic gains (Barnett et al., 2008). 
Moreover, the Tools intervention generally lasted two years, in which EFs were addressed 
about 80% of the school time throughout the curriculum. This placed high load on the 
teacher’s time (Imholz & Petrosino, 2012). The current study was aimed at a short and domain- 
specific intervention. Moreover, we compared the active dyadic learning context to a dyadic 
control group to control for overall dyadic effects.
 
Unexpectedly, no effects of the intervention were found on phonological awareness. Fuchs 
and Fuchs (2005) did find effects on phonological awareness when using dyadic-assisted 
learning-strategies. However, they contrasted the dyadic literacy group only to an individual 
control group that received less than half of the phonological exercises as the experimental 
group. Moreover, phonological awareness was targeted during teacher modelling while the 
dyadic exercises targeted decoding skills. The current study also used modelling, but only 
with practice items. Children had to apply the steps to new stimuli. An explanation for the 
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lack of phonological gains, therefore, more likely lies in the nature of the preliteracy exercises. 
Our intervention taxed four types of phonological abilities. Consequently, children in our 
intervention only practiced with each ability for about two sessions, which might be too 
incidental for deep learning. Letter stimuli, contrarily, were involved in all preliteracy games. 
In line with our expectation was the finding that the children with higher EF-levels benefitted 
most from the intervention. These results seem to contradict studies that suggested that 
children with lower EFs will gain most from explicit EF-support (e.g., Diamond, 2013). However, 
generally such studies considered interventions individually guided by teachers, and 
directly aimed at stimulating specific EFs. Our intervention aimed to reduce high EF-loads 
to help children gain from a peer-based preliteracy intervention. Such a learning context 
places high demands on children’s EFs due to the complexity of the learning context 
and lower external teacher-control. Consequently, the higher demands of children’s own control 
might have been too demanding for children with lower EFs. This tentative conclusion allies 
with recent studies that have shown that children with higher EFs are better able to overcome 
distracted behavior when working independently and show more verbal responsiveness in 
formulating strategies (De Koning-Veenstra et al., 2014; Van de Sande, Segers, & Verhoeven, 2015). 
Several limitations should be acknowledged. First, a more genuine analytical approach would 
have been dyadic or multilevel analyses, but our sample size and class-wide control group 
did not allow us to conduct these techniques. Another option to disentangle the individual 
contributions was to give children fixed instead of reciprocal roles, but then only half of the 
children would have had the opportunity to practice preliteracy skills. Furthermore, retention 
measures would have enabled examination of intervention effects over time. Last, to enable 
internalization and to ensure treatment fidelity, strict procedural scripts were designed but 
these provided less space for children’s own scaffolding initiatives. 
Many ideas for future studies can be generated. First, the current dyadic scaffolding activities 
could be embedded in other scholastic domains to further disentangle the benefits of this 
type of EF-support. Moreover, observations of children’s task-behavior and relating these to 
the EF-measures could enrich knowledge about the ongoing effectiveness of the activities. 
Third, although specific EF-support in a brief intervention is not sufficient to directly promote 
EFs, research with more repetition across multiple academic domains might tell whether the 
current activities might ameliorate development of EFs over time as well.
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To summarize, the present study shows that young children with higher EFs can scaffold 
each other’s academic learning even without prior expertise – when offered with embedded 
EF-supporting activities to do so. The benefits of peer-scaffolding are an important finding, 
because previous research has emphasized that the regulation of others is a crucial step 
before children can internalize such regulatory mechanisms (Diamond et al., 2007; King 
et al., 1997). From a theoretical point of view, this is the first study to demonstrate how to 
embed EF-supporting activities into a co-constructive and peer-based academic intervention 
in kindergarten. As such, it strengthens previous findings about the causal role of EFs for 
preliteracy development (e.g., Foy & Mann, 2013; Dally, 2007; Van de Sande, Segers, & 
Verhoeven, 2013), and adds to the very limited knowledge about the influence of peer EFs 
to children’s own literacy development (Skibbe et al., 2012). Practically, the intervention 
provides guidelines for exercises that can be implemented in small groups without expensive 
equipment or much time consumption of teachers (see Röthlisberger et al., 2012). As such, 
young children can be provided with baseline skills to promote their school readiness.
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Executive functions enable us to regulate learning, and as such gate the development of 
educational skills like literacy from early in life. Despite a number of studies showing this vital role 
for early literacy, most of the evidence is correlational. Only few studies have focused specifically 
on how executive functions contribute to the development of preliteracy skills, and on how these 
relations might underlie the gradual role to formal literacy development in the primary grades. 
Therefore, the aim of the present dissertation was to investigate the impact that executive 
functions have on early literacy learning. Three main research questions were examined. 
The first research question referred to the unique contributions of different types of executive 
functions to long-term literacy development from kindergarten onwards. The second research 
question was on further refining the underlying learning mechanisms of executive functions 
while working with an interactive and self-controlled learning context: a serious game. The 
longitudinal and online insights from these studies were then used to design and test two 
co-constructive and autonomous preliteracy interventions with integral executive function-
supporting activities, to examine the third question, whether children would benefit more 
from the preliteracy interventions if their learning could be reinforced. 
 
This final chapter will review the results of the studies that were conducted for the present 
dissertation. It will take a bird’s-eye viewpoint to give an overview of the main results along with 
a general discussion, limitations, suggestions for future research, and practical implications. 
This, in turn, will lead to a revisited view on the role of executive functions for early literacy 
learning. 
Executive functions for early literacy development
With regard to the first research question, it was examined whether the already established 
role of executive functions to formal literacy in primary school (e.g., Sesma, Mahone, Levine, 
Eason, & Cutting, 2009; Henderson, Snowling, & Clarke, 2013; Rapp, Van den Broek, McMaster, 
Kendeou, & Espin, 2007) originated in the executive influences to prerequisited phonological 
awareness skills in kindergarten (Blair & Razza, 2007; Foy & Mann, 2013). The rationalefor 
this design was a learning transition to more self-controlled, complex, and integrated learning 
that emerges around the same age, and that roots in a developmental spurt of executive functions 
(McClelland, Cameron, Wanless, & Murray, 2007; Ramscar & Gitcho, 2007; Munakata, Snyder, 
& Chatham, 2012). Such learning is considered to be foundational for the acquisition of the 
156 157
General discussion
complex skills that are required for phonological awareness. Consequently, executive functions 
in kindergarten were expected to have such a strong influence on the development of 
phonological skills that same year, that it would result in gradual and indirect influences to 
subsequent literacy skills.
The results of the present dissertation confirmed this gradual role. Executive functions in 
kindergarten allowed for phonological development, which in turn set the stage for literacy 
development in first and second grade. To enable formal mediation testing, we first calculated 
separate mediation effects for attentional and action control via phonological awareness to 
first grade decoding in Chapter 2 (Hayes, 2013; MacKinnon, Fairchild, & Fritz, 2007; Preacher 
& Hayes, 2008). As expected, the results showed that the initial contributions of kindergarten 
executive functions to first grade decoding were mediated via the executive contributions 
to prior phonological skills. Interestingly, the strongest effects were found for attentional 
(cognitive) control, the type of control that most strongly coincides with the learning transition. 
Chapter 3 further examined this gradual role. In this chapter the unique and simultaneous 
effects of attentional and action control were tested, while controlling for executive measures 
over the years. Moreover, the longitudinal trajectory of literacy was extended up to second 
grade decoding and reading comprehension. Again, substantial, yet different, indirect effects 
were found for both types of executive control to literacy skills in the later grades. Moreover, 
initial concurrent relations of literacy skills with first- and second grade executive functions 
vanished when their influence in kindergarten was taken into account. This mediation effect was 
found up to reading comprehension two years later. Next to the importance of examining 
indirect prior effects to refine developmental insights, these results also highlight the need 
to examine the influence to separate literacy skills compared to the generally composite 
scores that are often used. Phonological awareness, decoding and reading comprehension differ 
in their complexity and rate with which they become automatized, and the present results 
show that this causes different contributions of executive functions (e.g., Melby-Lervåg, Lyster, 
& Hulme, 2012; Perfetti, 2011). 
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Executive functions for early learning behavior
 
Although many studies that show a role of executive functions to early academics have claimed 
that these benefits are caused by more engaged and efficient learning, few have actually tested 
this claim (De Koning-Veenstra, Timmerman, Van Geert, & Van der Meulen, 2014; Gathercole 
et al., 2007). Therefore, the second research aim of this dissertation was to examine the role 
of executive functions during ongoing task-behavior. A formative study (Chapter 4) was 
conducted in which kindergartners were provided with an open and self-controlled learning 
environment: A serious game that targeted children’s problem-solving and vocabulary.
 
Attentional control empowered children’s abilities to master the strategies that were necessary 
to succeed in the game. Moreover, attentional control helped to keep children’s prior task 
experiences active in memory and use these when they repeated the game. This type of 
control also showed a relation with vocal expressiveness in both games, which is in line with 
other studies about the relation of executive functions and thinking-out-loud in other types of 
educational tasks (Fernyhough & Fradley, 2005; Fuhs & Day, 2011). 
Action control played no role for children in their initial task performance. This was contrary 
to our expectation, given that the one previous study that exists on this topic has shown 
a role for action control during another type of computer games, drill-and-practice games 
(Kegel, Van der Kooij-Hofland, & Bus, 2009). However, that study used a composite measure 
of task-behaviors over all game sessions, while our design compared learning behavior in a 
new and challenging game with less compelling repeated play. During the repeated play, 
action control did show a major role to overcome distracted behaviors. This finding shows 
that it can become increasingly difficult to engage executive functions over time, while it is 
in fact necessary for learning to perform tasks repeatedly. As such, this finding stresses the 
importance of disentangling executive effects to learning behaviors in new versus familiar tasks. 
Overall, the results showed that the ongoing executive load during an autonomous and co-
constructive task was high. Children’s executive functions contributed to children’s learning 
in enabling better independent problem-solving behavior, verbal strategy-formation, and more 
effective learning over time. The next step was to examine how to activate these learning 
features while working with autonomous preliteracy interventions, to help children stay 
engaged and benefit more from the exercises.
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Executive functions for early literacy interventions
Two types of support were examined to help children in their learning processes during literacy 
interventions in kindergarten: automatic and proactive (i.e., more conscious, self-regulated) 
activation of executive functions. These types were embedded in two playful forms of 
autonomous and adaptive learning contexts: a computer-based and a peer-based learning 
environment. 
The retention effects for the intervention (with and without explicit support of executive 
functions) in Chapter 5 showed that computer-based interventions can be a suitable tool to 
help children in providing a basis in phonological awareness and letter knowledge to pick up on 
during later instructions in preliteracy skills. Moreover, children that performed the intervention 
with the stop-and-think procedure to support executive functions played more games, showed 
more independent problem-solving, and made less mistakes. These children also showed 
stronger learning gains over time. These results suggest that the exercises were consolidated, 
which helped the children during their later classroom instructions. 
Contrary to the results in the computer-based intervention, the peer-based intervention in 
Chapter 6 did not provide a literacy learning context that young children benefitted from per 
se. Instead, the proactive support of their executive functions was essential to achieve stronger 
literacy progress. Children that used verbal strategy formulation, role-play, and scaffolding 
throughout the learning cycle showed stronger gains in letter knowledge from the peer-based 
intervention, while an intervention group without the explicit support in executive functions 
did not show stronger learning gains than a control group. This result suggests that young 
children can be able to regulate each other’s literacy learning, but only when they receive 
explicit and ongoing support to keep being engaged and monitor the learning demands. 
The benefits of both types of executive support were further examined for differential levels 
of executive functions. Interestingly, we found that children lower in executive functions 
benefitted most from inserting delays that faded their first prepotent responses and 
automatically activated their inhibitory control (Chapter 5), while children with higher levels of 
executive functions profited most from the conscious and more complex exercises through 
scaffolding, the use of language and mediators, and role-play (Chapter 6) – the regulatory 
activities that showed relations with executive functions in the formative study (chapter 4). These 
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results might imply that children benefit more from automatic activation when their executive 
functions are not yet strongly developed, while they benefit more from proactive and 
challenging activities when their executive function levels are high. This fits with neurocognitive 
models about the maturation of the prefrontal cortex, which gradually enables children to 
shift from domain-specific and reactive recruitment of executive functions to more domain-
general and self-directed recruitment (Munakata et al., 2012).  
Limitations and directions for future research
There are limitations on the present dissertation that should be acknowledged and may 
invite ideas for future studies. First, we refined the role of executive functions to early literacy 
development by involving two different types of executive control. However, as executive 
functions are involved in a broad range of regulatory processes on the cognitive, behavioral, 
and social-emotional level, other higher-order executive types such as creativity and motivation 
may also be of importance. 
In a similar vein, the fact that our domain-general measures of executive functions already 
showed a rather strong role for early literacy strengthens the insights about the overall 
essentiality of executive functions for this domain. However, more domain-specific (i.e., literate) 
executive function tasks may broaden the insights about the universality versus specificity 
of how these functions are intertwined with literacy in young children’s cognition (e.g., Foy 
& Mann, 2013). Likewise, teacher-ratings could give a more applied insight of how children’s 
executive functions are shown in their classroom-behavior. 
Furthermore, the present goal was to examine the predictive role of executive functions to early 
literacy development. However, the cognitive interrelatedness of these capacities (e.g., 
Altemeier, Abbott, & Berninger, 2008; Ashkenazi, Black, Abrams, Hoeft, & Menon, 2013) indicates 
that exercising literacy might also enhance the development of executive functions, and this 
was not investigated in the present dissertation. Research has only begun to unravel this 
reciprocal role, with, to our knowledge, only two studies that examined this topic to date. One 
full-year intervention study that also included joint picture book activities showed higher levels 
of executive functions over time in 4- and 5-year old children (Diamond, Barnett, Thomas, 
& Munro, 2007). And one longitudinal study from first to fourth grade showed that reading 
failures reduced children’s task-focused behavior over time (Hirvonen, Georgiou, Lerkkanen, 
Aunola, & Nurmi, 2010). 
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Overall, the interventions in the present dissertation are in line with the viewpoint that stresses 
the need to exercise executive functions continuously and through a broad range of embedded 
activities (e.g., Diamond, 2013; Gathercole, Lamont & Alloway, 2006). However, our results 
also showed that children with varying levels of executive functions benefitted from different 
learning contexts and different forms of support to engage their executive functions. This 
result touches an important point in the current educational policy that focuses on more 
individualized instruction. But, given the novelty of the intervention studies, much work 
remains to be done to enable causal claims about how to provide children with support that 
best suits their individual levels and needs. 
Moreover, the focus here was on autonomous interventions, but the teacher has an important 
role in supporting and implementing such learning contexts in the classroom. This role was 
not directly examined in the present dissertation. Future studies can unravel how to empower 
teachers in the tools and skills they need to make effective use of technology and peer-based 
interactions in the existing early literacy curriculum (e.g., Cviko, McKenney, & Voogt, 2012). 
Likewise, the current studies integrated add-on activities to existing literacy programs that have 
shown successful. This was chosen to avoid the risk of an unsuccessful literacy environment 
that could distort the possible effects of the activities to support executive functions. The next 
step would be to integrate these activities into the literacy exercises, for example through an 
online tutor within the software (e.g., Kegel & Bus, 2012).
Furthermore, our focus was on learning gains in preliteracy skills. It has, however, been claimed 
that repeated practice with embedded activities to support executive functions can lead to 
internalization and hence stronger development of these functions over time as well (Diamond 
et al., 2007; Holmes, Gathercole, & Dunning, 2009), but much more repetition as well as retention 
measures over longer time spans are necessary to support this claim. 
 
Educational implications
For educational practice, it is important to note that the effects of executive functions to early 
literacy development accumulate over the school years. Kindergarten teachers should be aware 
that when children show ineffective classroom behaviors during literacy instructions, these may 
be caused by executive demands that are too high. Engaging children in active and responsive 
instructions can help them to keep their executive functions active, resulting in better processing 
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of the complex literacy skills and in more efficient instructions. This, in turn, can help them to 
create the phonological stepping stones for a prospective formal literacy development in the 
primary grades. 
The development of these stepping stones can also be boosted by adaptive computer 
programs. The formative study showed that such computer programs should be designed with 
continuously increasing challenges that are within children’s zone of proximal development, to 
help keep children engaged over time. It also indicated that the many fancy but irrelevant 
game features that are nowadays build-in by educational designers should be avoided. 
Such features are too tempting for children with lower executive functions, who already lose 
their task-focused behavior more easily.
The current inclusion policy in the Dutch educational system requires ways to let all young 
children develop their literacy skills in the same classroom - despite their different levels and 
learning needs. Short and adaptive interventions to ameliorate preliteracy skills are crucial 
to help young children that struggle with preliteracy skills and to reduce these literacy 
gaps before they increase over time. However, the current intervention studies imply that 
simply offering children with such autonomous programs and let them find their way without 
any guidance is not sufficient for them to learn. The effects of both mediated preliteracy 
programs were reinforced by explicit support of executive functions. The characteristics of 
the computer program provided some control and guidance within the literacy exercises 
that helped all children to benefit from the intervention over time. However, the moderate 
effects of the software were increased by the continuous support to activate executive 
functions. The other mediated intervention, the peer-based learning context, placed higher 
demands on children’s self-initiated learning. Consequently, only the children that received 
the explicit executive function activities were able to benefit from the intervention. Both 
interventions thus show that there needs to be compensation for the lack of external control 
from the teacher that leads to higher internal control demands of the child. By providing 
such support, young children are capable to monitor their independent learning and 
strengthen the effects of literacy instructions. The present dissertation provides guidelines 
into how to provide such support and increase children’s own control in their literacy learning. 
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Executive functions for early literacy learning revisited
To conclude, the present dissertation shows that children will not develop their early literacy 
skills optimally without being able to address their executive functions. These cognitive capacities 
help to lay the foundations in preliteracy skills in kindergarten, which in turn leads to a more 
prospective literacy development over time. Executive functions around five-to-six years of 
age contributed to literacy development even up to four years later. These contributions were 
shown in a role for attentional (cognitive) control to enable problem-solving behavior and 
information monitoring, and in empowering more engaged and sustained learning behavior 
through better action (behavioral) control.
 
Early executive functions can thus be considered essential for early literacy learning. Because 
executive functions are still strongly developing in this young age group, these capacities 
should be supported when stimulating early literacy development. The results from the present 
dissertation indicate that providing compensation for potential executive overloads through 
cognitive and behavioral regulatory activities can indeed strengthen the benefits from 
autonomous and constructive interventions to ameliorate children’s preliteracy skills.
 
Moreover, the fact that the effectiveness of the supporting activities depended on children’s 
levels of executive functions calls for a variety of integral exercises in the classroom that are 
tailored to the individual child. These findings relate to the topical debate about how to 
support and promote executive functions in early education. The few empirical studies that 
exist on this topic have generally focused on laboratory-based training of single and domain-
general executive functions, from which transfer effects to specific educational domains 
like preliteracy skills have hardly been found (e.g., Diamond, 2013; Wass, 2015). The results in 
the present dissertation strongly ally with a more integral approach of activities. In such an 
approach, continuous and varied executive function-supporting activities are embedded in 
the school curriculum. It can be expected that these activities will reinforce young children’s 
educational benefits and provide them with more profound foundations for the transition to 
formal education.
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Summary
Learning to read is one of the key goals of education, but there are large individual developmental 
differences from an early age. Executive functions are crucial facilitators for a prospective literacy 
development. These cognitive capacities regulate the complex information processing while 
reading, and enable engaged learning behavior during literacy education. However, longitudinal 
contributions from the emergence of preliteracy skills have hardly been investigated, and even 
fewer embedded intervention studies exist. Such insights are necessary to enhance young 
children’s literacy learning and provide them with more profound literacy foundations to build 
upon during formal literacy instruction. The present dissertation therefore aimed to shed greater 
light on the role of executive functions for early literacy learning. To examine the concept of 
learning, the focus was on longitudinal effects as well as on learning behaviors and on inter-
ventions. The research questions were thus threefold:
1. How do executive functions contribute to early literacy development? 
2. How do executive functions contribute to learning behavior? 
3. What are the effects of embedded executive function-supporting activities in   
    preliteracy interventions?
Executive functions for early literacy development
To examine the first research question, executive functions and literacy were assessed in the 
same children from kindergarten to second grade. The role of executive functions was examined 
on two levels: on the level of information processing and on the level of behavior (i.e., attentional 
and action control). Both levels were related to phonological awareness in kindergarten, and to 
decoding and reading comprehension in the first years of primary school. In Chapter 2, it was 
explored whether the known relation of executive functions for literacy development in first 
grade, when formal literacy education starts, could originate in their contributions to preliteracy 
in kindergarten. The results confirmed this gradual role. Both levels of executive functions 
had such an impact on the development of phonological awareness in kindergarten that this 
relation fully intervened in the contributions of kindergarten executive functions to first grade 
decoding. Furthermore, the initial influences of attentional control to decoding were stronger 
than those of action control. Chapter 3 further elaborated on this mediation effect. The same 
children were again assessed in second grade, when the development emerges of the complex 
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skills for reading comprehension, such as building a mental model of a tekst. Moreover, the 
unique and simultaneous role of attentional and action control was now examined over the 
three years. Again, initial relations of concurrent executive functions with all literacy skills in 
first and second grade disappeared when their role to kindergarten phonological awareness 
was included in the analyses. This result indicates that executive functions have such a strong 
influence on phonological awareness in kindergarten, that it sets the stage for their influence 
to literacy development up to two years later.
Executive functions for early learning behavior
To examine the second research question, children were observed while working with an open 
and self-controlled learning environment. Their observed behaviors were related to their 
attentional and action control. The children played a serious game that targeted problem-solving 
and vocabulary. They played the game twice, to enable the comparison between learning 
behavior during initial challenges and during more familiar tasks. The results show that attentional 
control empowered children’s independent learning and problem-solving during the initial 
game, and their use of prior task experiences during repeated gameplay. Children with higher 
levels of attentional control also showed more verbal responsiveness during both games. Action 
control was necessary to overcome distractions when the initial game challenge was reduced. 
This type of control enabled engaged and goal-directed learning during the second game. 
Executive functions for early literacy interventions
Chapters 5 and 6 examined how to support executive functions during adaptive and autonomous 
preliteracy interventions in kindergarten. In chapter 5, a stop-and-think procedure was elicited 
while working with software to stimulate phonological awareness and letter knowledge. This 
intervention group was contrasted in a randomized controlled trial design against an intervention 
control group that worked with the same software without the embedded activities, and a 
control group that worked with other software. Although both intervention groups showed 
stronger progress over time, more efficient learning behaviors were shown by the children that 
used the activities to support their executive functions; they played more games in the same 
amount of time and showed better independent problem-solving behavior. Furthermore, they 
showed stronger long-term learning effects on preliteracy skills. These results were established 
for the children with lower executive functions.
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Contrary to the more automatic activation in chapter 5, chapter 6 examined the effectiveness of 
proactive and conscious support of executive functions. Peers played with phonological 
awareness- and letter games. While playing, they helped each other to scaffold their learning 
strategies and task-focused behavior, through role-play that involved visual mediators and 
questioning routines. Effects of this intervention were tested in a similar design as in chapter 5. 
No effects were found for phonological awareness, but the experimental group showed higher 
progress in letter knowledge. For this intervention, the effects were driven by the children 
with higher levels of executive functions.
Conclusions and implications
The present dissertation shows that executive functions help to lay the foundations for early 
literacy development. They regulate the cognitive and behavioral processes that are necessary 
in learning to read. As such, they empower the development of preliteracy skills in kindergarten, 
and set the stage for a prospective literacy development up to two years later. Teachers and 
designers should be aware that the development of executive functions still have a long way 
to go in these young children, thus placing high loads on these capacities in the classroom. 
Executive function-supporting activities can compensate for potential executive overloads 
that lead to ineffective learning. The present dissertation provides some first guidelines into 
playfully embedding such activities in literacy instructions, and shows that these activities can 
boost the effectiveness of short and relatively teacher-independent preliteracy interventions. 
Given that children with varying levels of executive functions benefitted from different forms 
of support, this dissertation also stresses the importance of providing continous and varying 
activities. As such, all children can be reinforced in their literacy learning.
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Leren lezen is een van de belangrijkste doelen van het onderwijs, maar al vanaf de kleuter-leeftijd zijn 
er grote individuele ontwikkelingsverschillen. Executieve functies zijn een essentiële voorspeller 
voor een voorspoedige leesontwikkeling. Deze cognitieve functies reguleren de verwerking 
van de complexe informatie tijdens het lezen, en zorgen ervoor dat kinderen betrokken kunnen 
blijven bij het leesonderwijs. Over de bijdrage van executieve functies aan de beginnende 
leesontwikkeling is echter nog niet veel bekend. Er bestaan weinig studies die de rol van 
executieve functies op de lange termijn (‘longitudinaal’) zijn nagegaan vanaf de beginnende 
geletterdheid, en nog minder interventiestudies die executieve functie-oefeningen integreren 
in geletterdheidprogramma’s om hun effectiviteit te verhogen. Dergelijke studies zijn noodzakelijk 
om de vroege leesontwikkeling te versterken en de kinderen zo een stevigere basis mee te 
geven om op voort te bouwen tijdens het formele leesonderwijs. Om het concept ‘leren’ te 
onderzoeken, concentreerde dit proefschrift zich op longitudinale effecten, leergedrag en 
interventies. Er waren dus drie onderzoeksvragen:
1. Hoe dragen executieve functies bij aan de ontwikkeling van beginnende geletterdheid? 
2. Hoe relateren executieve functies aan het leergedrag van jonge kinderen? 
3. Wat zijn de effecten van geïntegreerde activiteiten om executieve functies te              
    ondersteunen binnen interventies die gericht zijn op het stimuleren van beginnende         
    geletterdheid?
Executieve functies voor de ontwikkeling van geletterdheid
Om de eerste vraag te onderzoeken werden de executieve functies en geletterdheid gemeten 
bij dezelfde kinderen in groep 2, 3, en 4. Executieve functies werden op twee niveaus gemeten: 
op het niveau van informatieverwerking (cognitief; ‘aandachtscontrole’) en op het niveau van 
gedragscontrole. Beide niveaus werden gerelateerd aan het leestraject van fonologisch 
bewustzijn (het bewustzijn van klanken en letters) in groep 2, en decoderen en begrijpend lezen 
in de eerste jaren van het formele leesonderwijs (groep 3 en 4). In hoofdstuk 2 werd onderzocht 
of de fundamenten voor de reeds bekende relatie tussen executieve functies en de lees-
ontwikkeling vanaf het formele leesonderwijs wellicht al gelegd werden in groep 2. De resultaten 
toonden aan dat er inderdaad een graduele rol is. Wanneer de invloed op fonologisch bewustzijn 
in groep 2 werd meegenomen in de analyses, bleek alle invloed van executieve functies op 
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decoderen in groep 3 via het voorafgaande fonologisch bewustzijn te gaan. Beide niveaus van 
executieve functies hadden een dusdanige relatie met fonologisch bewustzijn, dat de oor-
spronkelijk aantoonbare directe rol voor decoderen in groep 3 wegviel. Daarnaast bleek dat de 
initiële invloed van aandachtscontrole voor decoderen sterker was dan die van gedragscontrole. 
 
Hoofdstuk 3 onderzocht dit mediatie-effect verder. Bij dezelfde kinderen werd nog een 
meetmoment toegevoegd in groep 4, wanneer de complexe vaardigheden voor begrijpend 
lezen, zoals het bouwen van een mentaal model van een tekst, beginnen te ontwikkelen. 
Daarnaast werden nu de unieke en gelijktijdige rol van aandachtscontrole en gedrags-controle 
onderzocht in elk van de drie schooljaren. Ook hier bleek dat de oorspronkelijke invloed van 
executieve functies op de leesvaardigheden binnen elk jaar volledig beïnvloed werd door 
hun relatie met fonologisch bewustzijn in groep 2. Executieve functies leggen dus al op jonge 
leeftijd mede het fundament voor de leesontwikkeling tot wel twee jaar later. 
Executieve functies voor het leergedrag van jonge kinderen
Om de tweede onderzoeksvraag te beantwoorden werden kinderen geobserveerd terwijl 
ze met een open leeromgeving werkten waarin ze zelf veel controle hadden over hun leerpad. 
Hun leergedrag tijdens deze taak werd gerelateerd aan hun aandachts- en gedragscontrole. De 
kinderen speelden een serious game die gericht was op het stimuleren van probleemoplossend 
vermogen en woordenschat. Ze speelden de game twee keer achter elkaar, zodat een 
vergelijking gemaakt kon worden tussen het leergedrag bij een hoge initiële leeruitdaging en 
bij een wat meer bekende game. De resultaten toonden aan dat aandachtscontrole samenhing 
met het zelfstandig leren en probleem-oplossend vermogen wanneer de game nog nieuw was. 
Daarnaast hielp het om de eerdere ervaringen te gebruiken tijdens het tweede spel. Kinderen 
met hogere aandachtscontrole toonden ook meer verbale responsiviteit tijdens beide games. 
Gedragscontrole bleek nodig om afleiding tegen te gaan wanneer de game al wat meer bekend 
was. Tijdens het tweede spel droeg het bij aan betrokken en doelgericht leren.
Executieve functies voor interventies om beginnende geletterdheid te 
stimuleren
Hoofdstuk 5 en 6 onderzochten hoe bij kleuters executieve functies ondersteund konden worden 
terwijl zij werken met adaptieve, autonome geletterdheidsinterventies. In hoofdstuk 5 werd 
een stop-en-denk procedure uitgelokt terwijl kinderen met software werkten die gericht was 
op fonologisch bewustzijn en letterkennis. In een gerandomiseerd design werd deze interventie- 
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groep vergeleken met een interventie-controlegroep die werkte met dezelfde software maar 
zonder stop-en-denk procedure, en een controlegroep die met andere software werkte. Hoewel 
beide interventiegroepen profiteerden van de software, toonden de kinderen die de executieve 
functie-ondersteunende oefeningen erbij deden efficiënter leergedrag; ze speelden meer 
games in dezelfde tijd en hadden een beter probleem-oplossend vermogen. Daarnaast toonden 
ze op de lange termijn hogere leer-winsten op de beginnende geletterdheid. Deze effecten 
werden aangetoond voor de kinderen met lagere executieve functies.
  
In tegenstelling tot de meer automatische activatie van executive functies in hoofdstuk 5, werd 
in hoofdstuk 6 een meer proactieve en bewuste ondersteuning van deze functies onderzocht. 
Klasgenoten speelden in tweetallen met fonologisch bewustzijn- en letterkennis spellen. 
Ondertussen hielpen ze elkaar in het ondersteunen van hun leerstrategieën en doelgericht gedrag, 
door een rollenspel waarin gebruik gemaakt werd van visuele hulpmiddelen en vraagroutines. 
Effecten van deze interventie werden getest in een vergelijkbaar design als in hoofdstuk 5. Er werden 
geen effecten gevonden voor fonologisch bewustzijn, maar de experimentele groep ging sterker 
vooruit op letterkennis. Bij deze interventie werden de effecten juist gestuurd door de kinderen 
met hogere executieve functies.
Conclusies en implicaties
De huidige dissertatie toont aan dat executieve functies helpen om de fundamenten te leggen 
voor de vroege leesontwikkeling. Ze reguleren zowel de cognitieve als gedragsmatige processen 
die nodig zijn voor het leren lezen. Daarmee versterken executieve functies de ontwikkeling 
van de beginnende geletterdheid van kleuters, en dienen als een belangrijke opstap voor 
de leesontwikkeling tot wel twee jaar later. Voor leerkrachten en onderwijsdesigners is het 
belangrijk voor ogen te houden dat de ontwikkeling van executieve functies bij deze jonge 
kinderen nog een lange weg te gaan heeft, waardoor er een groot beroep op gedaan wordt in 
de klas. Oefeningen om executieve functies te activeren kunnen helpen om potentiële 
executieve overloads te verminderen, en zo helpen om ineffectief leergedrag te voorkomen. Dit 
proefschrift biedt eerste handvatten hoe zulke oefeningen spelenderwijs ingebed kunnen worden 
tijdens leeslessen, en toont aan dat deze de effectiviteit kunnen versterken van korte interventies 
die weinig inspanning vragen van de leerkracht. Omdat bleek dat kinderen met verschillende 
niveaus van executieve functies profiteerden van verschillende soorten oefeningen, pleit dit 
proefschrift er ook voor om continue en diverse oefeningen aan te bieden. Op die manier kan 
bij alle kinderen een sterke basis gelegd worden voor het leren lezen.
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Becoming literate is a key educational goal, but 
there are large differences in children’s literacy 
development. If young children’s literacy skills 
develop well, they have a solid foundation for 
a more prosperous literacy development over 
time. Executive functions are an important 
facilitator to lay this foundation, because they 
orchestrate the cognitive and behavioral 
processes while children are learning to read. 
Through longitudinal, behavioral, and inter- 
vention studies, this dissertation provides new 
insights into the contributions that executive 
functions have to literacy over time, and how 
these functions can be supported in a playful 
way during early literacy learning.
